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You expect the best value from G-E fluorescent lamps 


G-E gain in light output 
worth more than cost of lamp 


y 


WORK WITH PRECISION INSTRUMENTS like the gigantic photometer 
above verifies the fact that, since 1945, the light output of General 
Electric fluorescent lamps has climbed 17% 

Under average conditions current and maintenance account for 
about 90% of the cost of lighting, the lamp itself only about 10%, 
in commercial and industrial installations. 

For this reason, General Electric’s gain of 17% in light output 
is worth more to you than if you got your lamps free. 

To give you this increase, G-E lamp research pulled more than 
one rabbit out ofa tesi tube. An improved “IT” phosphor with better 
light-giving properties. Improved phosphor manufacturing methods. 
Uniform end-to-end centrol for an even phosphor coating to give 
maximum efficiency. 

These are a few examples of why you can expect the best value 
from G-E fluorescent lamps. 


You can put your confidence in — 
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News of developments from General Electric's Chemical Division that can be important to your business. 


G-E CHEMICAL RESEARCH MAKES POSSIBLE 


Wew Uses for Pattie 


Development of G-E rubber-phenolic 
molding compounds widens use of 
plastics in applications requiring 
unusual strength and resilience. 


Now General Electric chemical progress has greatly increased 
practical applications for plastics! G-E rubber-phenolics 

work successfully where other types of plastics often fail 
because rubber-phenolics have five to seven times the 


shock strength of conventional phenolic materials. 


Typical of the new uses for G-E rubber-phenolics are the two 
dishwasher parts shown here. The silverware basket—formerly 
made of scarce brass~has the required strength and resilience 
to withstand dropped utensils and operating vibration. Like the 


impeller (see inset) it is resistant to hot water, strong detergents. 


\ tew of the present uses for G-I rubber-phenolics include 
business machine parts, handles tor heavy-duty machinery and 
bobbins for textile mills. Many more are sure to develop as 
industry takes advantage of this recent contribution of G-E 


chemical progress—other examples of which appear on this page. 


Shining example! The new non-oily, easier- 
spreading furniture and auto polishes made with 
G-E silicones show how products may be improved 
by utilizing the remarkable properties of 


this new family of materials 


G-E varnished fabrics and tapes, part of the G-E line of 
insulating materials, have extraordinary resistance to 
moisture and heat-aging, are proving valuable for many 

For yerehane ge a abe ME dielectric and insulating uses 
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products or processes descnbed : ; 

on this page, write to : G.E.'s revolutionary new Monotop work surface (the 


i 


General Electric Compan one-piece G-E Textolite* backsplash-counter top for 


Chemical Division, Section 100-2A, ——~ kitchens and vanities) is the result of G-E molding skill 
Pittsfield, Massachusetts a plus research in superior resins and varnishes for 


laminating purposes 


PLASTICS COMPOUNDS * SILICONES * INSULATING MATERIALS * GLYPTAL" ALKYD RESINS * PLASTICS LAMINATING, MOLDING, AND EXTRUDING 
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Your home TV is a series of tubes, with a G-E picture tube carrying 
on its face the image you view. The picture is vivid, lifelike, be- 
cause G.E.’s famous Aluminized Tube—the picture tube that saves 
and uses light which other tubes waste — produces an exception- 
ally bright, clear image. A score of G-E modulator, amplifier, and 
other small tubes complete your TV chassis. 


G-€ 5-Star (high-reliability) tubes guide airplanes to safe landings. With 
the ever-growing use of radio-beacon and other electronic aviation 
equipment, need for tube reliability has become paramount. General 
Electric's specially designed, specially built 5-Star receiving types attain 
new standards of dependability—cut down tube replacements—greatly 


reduce equipment maintenance. 


® G-E TUBES—THE HEART OF ALL 
ELECTRONIC EQUIPMENT! 


Radio-TV broadcast stations use G-E rectifier Industry's wheels are controlled by G-E thyra- 
and power tubes at every stage between trons. These gas-filled tubes both rectify 
studio and sending tower. General Electric power and “valve” it on and off with split- 
tubes pick up and amplify the electronic second timing, to control the electric mo- 
messages from microphone and studio cam- tors that drive machinery. Other G-E tubes 
era, use these to modulate high-voltage d-c, heat by induction (pliotrons) . . . count, 
and further translate the power into far- sort, and inspect (phototubes) . . . operate 
ranging transmitter wave impulses. resistance welders (ignitrons). 


For further information on tubes for any application, write to 
Tube Dept., General Electric Company, Schenectady 5, N. Y. 
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ENGINEERS 


ARE 
NEEDED 


The Centennial of Engineering is being celebrated 
this year. The American Society of Civil Engineers, the 
first engineering society in our country, was founded 
just one hundred years ago. Since that time societies 
representing all the other branches of engineering have 
been formed until today every engineer has a society 
he can call his own, if he but will, In recognition of 
their contributions the Review will present a series of 
historical articles on these societies, the first of which 
appears on page 34 of this issue. 

Phe growing importance of these societies however 
is only a reflection of the ever greater role that engi- 
neers are playing in American industry. The leadership 
our country has assumed in production may be directly 
attributed to our wise dependence on and use of engi- 
neering know-how. We are indebted to engineers not 
only for their development of new products and their 
improvement of old ones, but also for the building up 
of our tremendous capacity to produce (see cover), 
The power and the tools which engineers have given 
to American workmen have enabled them to. out- 
produce workmen anywhere else in the world. 

As the tools of industry have become more complex, 
however, the ratio of engineers to workers in industry 


has steadily gone up. The figures are: 


ENGINEERS 
PER LOO.000 
WORKERS 


WORKERS ENGINEERS 
IN IN 
INDUSTRY INDUSTRY 


26,800 344 
11.000 390 
84.000 80 
130.000 720 
215,000 L080 
261.000 1282 
350.000 1440 


1890 7.800.000 
1900 10,500,000 
1910 14,500,000 
1920 8.000.000 
1930 20,000,000 
1940 20,400,000 
1948 24,300,000 


Ihe indications are that for the year 1950 the number 
of engineers per 100,000 workers was about 1550. 


The trend indicated in this table must continue, and 
the ratio of engineers to workers must grow even larger, 
for the world of power, electronies, and nucleonies is a 
world of increasing scientific and engineering content. 
The supply of engineering manpower however is be- 
coming ever more difficult to maintain. In the past few 
vears the number of young men graduating from engi- 
neering colleges has become smaller each year. If our 
engineer-dependent industry is going to continue its 
steady progress, engineers must use every possible 
means to encourage young men who have the proper 
interests and aptitudes to study engineering. While 
much has already been done to interest students in 
engineering as a career, much more must be done. 

In this issue of the Review (page 53) one plan with 
new opportunities for doing so is discussed: a plan for 
bringing high-school students to visit industry—not to 
see the plant, not to see the products, but to talk with 
engineers and to learn more about engineering, Engi- 
neers everywhere could very profitably work with their 
managements to promote this type of visit. 

And in the over-all problem of keeping our ranks 
filled with competent engineers lies one of the greatest 
challenges ever given engineers and their engineering 


societies—a challenge they must meet. 
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TODAY'S EDUCATION AND 
TOMORROW'S ENGINEER 


By DR. ROBERT L. SHURTER 


No aspect of engineering education 
has been the subject of quite so much 
discussion in recent years as the role 
and amount of general studies in the 
engineering curriculum. Hundreds of 
papers and talks have centered on this 
problem—and the end is not yet in 
sight. Proponents of purely technical 
education have viewed with alarm what 
they call “the encroachment of the 
humanities and social studies” in the 
engineering course; advocates of general 
studies have been equally insistent that 
the engineer should be prepared for his 
responsibilities as a citizen through the 
study of history, literature, economics, 
and psychology. 

This protracted debate in the arena 
of engineering education has unfor- 
tunately been characterized by meaning- 
less clichés, some nonsense, and a great 
deal of misunderstanding. Advocates of 
the general studies have taken refuge 


in such pretty but arrogant phrases as 
“teaching the student to learn to live 
rather than to earn a living.” At times 
they have been even more irritating in 
staking out exelusive claims to that 
vague quality termed “culture’’—a word 
which quite properly is a red flag to 
since truly cultured 
distinguishable — by 


talking about their 


most engineers, 
people are chiefly 
their reticence ir 
culture. 

On the other side, the spokesmen for 
strictly technical education have argued 
that the engineer will somehow acquire 
an interest in literature or music or art 
or history after he graduates, and that 
this vague form of educational osmosis 
after graduation makes undergraduate 
instruction in the general studies un- 
necessary. Their clichés find expression 
“the dilution of 


content” or 


in such terms as 


technical “impractical 


courses,” or that unabashed summary of 
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a materialistic that “you 
can’t eat Shakespeare’! 
ment insists that engineering students 


have had all the instruction they need 


viewpoint 
Another seg- 


in general studies during their high 
school years. “Why duplicate this in the 
college years?” they ask. Paradoxically, 
this same group is generally most critical 
of the poor preparation the student 
brings to college in mathematics, physics, 
and chemistry. 

These attitudes are, of course, ex- 
treme; nevertheless they do exist and 
they do serve to illustrate the « omplexity 
of the problem of deciding what subjects 
and how much time should be devoted 
to general education in the framework 
of the engineering curriculum. It is my 
impression that most technological in- 
stitutions have worked out a compromise 
rather than a thoughtful solution for 
these problems, and that they have done 
so largely on the basis of expediency 
instead of over-all educational principles. 

Nor should 
the difficulty of finding such a solution 
based on principle. By comparison, my 


anyone underestimate 


good neighbors at General Electrie’s 
University of Light can quite easily 
decide whether a given situation de- 
mands an intense beam of light which 
illuminates one area or a smaller degree 
of illumination in all directions. But 
who is to decide whether the future 
needs of American industry and society 
require an engineer whose education 
has illuminated a few limited areas in- 
tensely or has shed its rays around the 
educational spectrum? 

Under the 
pattern our institutions can make this 


present organizational 
decision in one of two ways: by. ad- 
ministrative decree imposed from above 
by presidents or deans, or by group 
action on the part of the faculty. 

The second method is, of course, most 
desirable since it is more democratic and 
gives those primarily charged with edu- 
cational policy a sense of participation 
in and responsibility for the student's 
total education: it is also mos? difficult. 
For every engineering faculty is com- 
posed of specialists each of whom sin- 
cerely feels that no student’s education 
Is complete without some exposure to 
his particular specialty. Given only four 
student’s time and an 
packed curriculum, a 


vears of the 
already tightly 
decision involving a large number of 
the faculty is therefore difficult to reach. 

That is why it is important that in- 


dustry make its own needs known, for 
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in all the discussions | have heard a 
point is always reached when some 
faculty member says, “Industry re- 
quires specialists’ or “Industry wants 
broadly educated men.” These general- 
ized appeals to authority seldom descend 
to particulars; as a matter of fact, there 
seems to be no final decision as to just 
what industry does want. To see this in 


chapter and verse, you might take a 


look at the advertisement on page 61 of 


the May issue of this magazine giving 
excerpts from graduates 10 years out 
of college on “What Would You Suggest 
to Men Now Planning Their Careers? 
Such varying opinions as “Spend at 


44 


...no graver danger to civili- 
zation . training scientists 
and engineers whose skills en- 
able them to be leaders but 
whose minds are indifferent to 


their responsibilities as citizens 


. . . ‘i 
in a democratic society. 


least 25 or 30 percent of your time in 
“Don't 
specialize too much,” or ‘Take as many 


the study of the humanities,” 


fundamental courses as 


possible,” and “Be thoroughly grounded 


ne ering 
engineering 


in engineering fundamentals” probably 
illustrate the fact that neither industry, 
alumni, nor students have thus far 
arrived at a definitive answer. 

As a matter of fact, similar opinions 
can be found in every type of American 
educational institution as is shown in a 
challenging new book titled They Went 
to College by Ernest Havemann and 
Patricia West. Based on a survey of 
graduates of 1037 American colleges, 
this informative study contains a lot of 
material on the opinions, activities, and 
attitudes of our college graduates, but 
it presents no conclusive answer to the 
dilemma of breadth or depth in educa- 
tion, 

In the interest of greater understand- 
ing, however, | believe it is important 
that engineering graduates and members 
of industry be given at least tentative 
answers to the following questions 


Why should the humanities and social 
studies be included in engineering 


institutions? 


What subjects shall be taught? 


ENERAL 


How shall these courses be taught 


and who shall teach them? 


What do these studies accomplish? 


Readers will have to judge my answers 
to these questions almost entirely in 
terms of their own experience in working 
with engineers. For in considering the 
role of the humanities and social studies 
in an engineering college, we are in an 
area where objective standards of meas- 
urement do not apply. 

I am well aware that the reader who 
spends his professional career in’ re 
search may consider my beliefs and 
convictions mere nonsense, while the 
sales administrator may 


react differently. | have tried in’ this 


engineer OF 


article to label my opinions wherever 


I make personal judgments, though 
these judgments are in every instance 
based on more than 20 vears of close 
contact with about 2000 students, whose 
later careers | have followed with con- 
siderable interest. My answers to the 
raised) should 


four questions IT have 


therefore be taken as one teacher's 
except that in an- 
swering the second (What 


subjects shall be taught?) | have relied 


personal viewpoint 
question 


heavily on a program which has been 
in actual operation at Case for the past 


three years. 


Why Humanities and Social Studies? 


I believe that the answer to this ques- 
tion hes in two parts, which involve the 
engineer as both a member of society 
and as an individual. | can think of no 
graver danger to a technological civil- 
ization than the training of a generation 
of scientists and engineers whose knowl- 
edge of skills and techniques enables 
them to rise to positions ol leadership 
but whose minds are indiflerent to or 
naive about their responsibilities as 
citizens in a democratic society. 

Such overspecialization in one area 
leads inevitably either to indifference 
about other areas of knowledge or, 
worse, to a kind of oversimplific ation 
from which stem such naive solutions 
to complex problems as “All we have 
to do to get along with the Russians is 
to send the right man over to see Uncle 
Joe.” The most vexing problems of our 
era are not technical ones but human, 
and the engineer as a citizen will have 
to study all the history, economies, 
government, and human relations he 
can muster to grasp their complexity. 
The further he rises in executive re- 
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sponsibility, the more he will have to 
use his knowledge of human beings and 
of the way to get them to work together. 
And in this capacity his slide rule, his 
formulas, and his equations will not 
serve him well! 

\s an 
for that 
ought to have interests and enjoyments 
professional field; if he 
doesn’t, he will outmatch Jack in dull- 
ness. One of the functions of his under- 
other-than- 


individual, the engineer—or 


matter any human being 


outside his 


graduate studies in the 
technical area should be to awaken his 
interest in literature or music or art 
with the hope that he may carry on these 
interests after graduation. We 


today of relations o1 


hear 
much human 
getting along with people—and no era 
ever needed this art more than ours. 
But | that our 


should also prepare us for getting along 


believe education 
without people so that we have the innet 
resources of interests and ideas to meet 
the final test of human personality of 
being alone. If we find it difheult to be 
by ourselves, how can we expect others 
to find us interesting? The answer, then, 
to why include general studies in the 


engineering curriculum Is: first, a 


knowledge 


If al selence, 


of history, economies, polit- 
psychology, and human 
relations prepares the engineer for his 
second, 


responsibilities as a citizen; 


literature, philosophy, musie, and art 
make him a more humane and interest- 


Ing person, 


What Subjects Shall Be Taught? 


Before examining specific courses in 
the area of the general studies, I believe 
It is important to point out the way in 
this area is gen 


which instruction in 


erally organized in today’s engineering 
colleges. As the 
report submitted to the 


Society of Engineering Education about 


result of a definitive 
American 


10 vears ago, most curricula today are 


divided into two “stems’’—the scientifie- 
humanistic-social 
labeled them. The 


ot course, all ot 


technical and the 
as the committee 
first of these includes, 
the fundamental scientific courses and 
their engineering applications; the see- 
ond comprises a collection of courses 


in English, history, economics, litera- 


ture, psychology, philosophy, the fine 
irts, or foreign languages. 


While the 


courses differs considerably in 


organization of such 
various 
institutions, the trend over the past five 


or ten years has been to put all these 
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subjects together under one department 


or division with some such name as 
the “Humanistic-Social Department” or 
the “Division of General Studies” or 
the “Division of Humanities and Social 
Studies.” In most engineering schools, 
this department or division is responsi- 
) percent of the 


the com- 


ble for about 15 to 2 
student’s required courses; 
ASEE 


minimum of 20 percent and an ideal of 


mittee of the recommended a 
25 percent. Suffice it to say, this report 
resulted in much healthy soul-searching 
among our engineering colleges, partic- 
ularly as to the objectives of their general 


humanistic-social 


studies or programs. 


“Most vexing problems of ‘our 
era are not technical ones but 
human . .. the engineer as a 
citizen needs to study all the 
history, economics, government 


and human relations he can 


... fo grasp their complexity.” 


In selting up the goals for such a 


believe that 


aims are absolutely 


program, | the following 

fundamental 

e To prepare the engineer to express 
his ideas clearly and coneisely in both 

speaking and writing 

lo give him an understanding of and 

responsibilities 


convictions about his 


as a citizen in a democracy. 

lo provide him with a knowledge of 
the background of the social organ- 
ization within whieh he lives and of 
the great expressions of the human 
mind concerning man and society. 
interest in 


To stimulate his some 


aspect of the humanities or social 
studies as a basis for continued study 
or pleasure in these pursuits. 

If we translate these goals into specil 
courses by which they can be attained 


we come up with some such program 


as this 


course of English which 
equips the student to reports, 
letters, and memoranda and to express 
himself committees, before 


professional and technical societies, and 


\ one-year 
write 


orally in 


in his civic activities. 


A one-year course in American Demoe- 
racy which centers on the problems of 


today’s citizen. Since: these problems 


obviously deal with the individual in 
his relationship to government, the in- 
dividual as part of a_ technological 
society, and the individual in his relation 
to others, such a course should combine 
areas usually labeled Government. or 
Political Science, Economies, and Hu- 
man Relations. Furthermore, because 
all contemporary problems have their 
roots in the past, this course should 
give sufficient historical background t 
enable the student to pass an enlightened 
judgment based on historical evidence. 
Above all else, it should incorporate the 
conviction that democracy by com- 
parison with other forms of government 
is the most mature concept of human 
organization ever devised since it is 
based on the belief that free men can 
think independently without the need of 
a book like Das Kapital where it is all 


written down, fixed and immutable. 


\ two-year which traces the 
social, political, economic, and cultural 
institutions of Western Civilization 
from Ancient Greece to the present. As 
an integral part of this, the contribu- 
tions of science, technology, and inven- 


course 


tion in western man’s long climb to the 
present should be a central theme. This 
course might well center on man’s basic 
needs 
he need to make a living. 
The need to organize into a society 
under law. 
The need to express himself in relig- 
ion, art, literature, and architecture. 
rhe need to control his environment. 


If. in the famous words of H. G. Wells, 
‘Civilization is a race between education 
and catastrophe,” the citizen of the 
20th century must summon up every 
ounce of knowledge supplied by the 
best minds of the past to help him solve 
the problems of the present. \ course 
of this lype will succeed only to the 
degree that all its materials are selected 
on the basis of their relevancy to the 
present. And let no one naively con- 
clude that just because a book or idea 
or problem is hundreds of years old it 
is out-of-date. Machiavelli's The Prince 
is as modern as the Kefauver committee; 
the rock which wrecked the ship of 
state of the Greek city states is the same 
as that which besets the future course 
of the United Nations; and the problems 
ot Socrates o1 Antigone contront each 
of us in the 20th century. This timeless- 
ness of social and human problems and 
our need to bring all the best thought 
of the past to the problems of the present 
was undoubtedly what General George 
Catlett Marshall was thinking of when 
he wrote after World War Il: “I doubt 
seriously whether a man can think with 
full wisdom and deep convictions re- 
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BROWSING ROOM in the Library at Case where the author is holding a class. The 
atmosphere created by such a location stimulates the give-and-take method of class- 
room discussion that helps to develop engineers into articulate and responsible citizens 


garding certain of the basie interna- 
tional issues today who has not at least 
reviewed in his mind the period of the 


Peloponnesian War and the fall of 
Athens.” 


A group of one-year courses in which 
the student may select an area into 
which he wants to attain a greater depth 
of knowledge or pursue some interest, 
These elec live courses belong properly 
in the senior year and should grow 
logically out of the subject matter of 
his previous studies. To give the student 
as broad an opportunity as possible for 
choice, this group should include courses 
in literature, music, comparative relig- 
ion, philosophy, economies,  interna- 
tional relations, psychology, ethics, and 
government, 


These what | 
would consider a minimum requirement 


eourses constitute 
to equip the engineer for life in today’s 
world, Furthermore, they can be taught 
in the usual four-year engineering pro 
gram without reducing the amount or 
content of the technical courses. | am 
convineed that future progress in engi- 
neering institutions will depend on our 
ability to provide a program in which 
both the 
aspects are fused, instead of separated. 


technical and nontechnical 
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The program | have outlined offers this 
possibility. 

But a program itself is not enough: 
for just as modern industry is fascinated 
by the fetish of the organization chart, 
the modern college has sometimes acted 
as if an educational program were an 
end rather than a means. Organizational 
charts and educational programs are no 
better than their personnel—and that 
is why educational progress can be 
measured realistically only in terms of 
the instructional methods used and the 
kind of teachers comprising the staff. 
As every undergraduate knows, the 
course that looked so beautiful in’ the 
publicity bulletin or catalog in Septem- 
ber has sometimes lost its luster by 


November. 


How Shall Courses Be Taught? 


I believe that all the courses in the 
area of humanities and social studies 
should be taught by the discussion 
method rather than by formal lectures. 
Che trite definition of the lecture sys- 
tem as a method “by which information 
passes from the notes of the instructor 
to the notebook of the student” contains 
a great deal of truth. Furthermore, if 


we hope to develop engineers who are 
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articulate and responsible citizens, the 
give-and-take of classroom discussion 
seems to me to be an effective laboratory 
or workshop in the democratic method. 

Above all else, the discussion method 
gives the student a sense of active par- 
ticipation. It forces him to think, to 
marshall his evidence before expressing 
his opinions; if he doesn’t, the derisive 
hoots of his classmates are the most 
effective antidote to snap judgments and 
hasty generalizations. The sense of 
doing something, of not sitting passively 
by, seems to me to be one of the major 
benefits that under 
skillful leadership can confer, And this 
during the 


group discussion 


is particularly 
formative years because it is so natural 


important 


for young people to want to participate. 

I well remember attending a Christmas 
dinner at which the two children of the 
family had been abundantly supplied 
with electric trains, automatie toys, and 
all the other mechanical marvels which 
parents and grandparents 
After a half-hour, the 
fascination of the trains and gadgets 


indulgent 
could provide. 


wore off, and the children were busily 
occupied for hours building forts, stores, 
and houses out of the cardboard boxes 
in’ which their had been 


packed! 


In an age when most of our leisure 


presents 


hours can be spent in passively watching 
other people on the television and movie 
screen, or sitting in the stands watching 
others play baseball or football, or in 
listening to music rather than playing it, 
our educational system has a_ special 
obligation to encourage participation 
and in the classroom this means active 
discussion rather than passive listening. 
By the same standards, to transfer this 
judgment to another area, colleges would 
do well to insist on a broad program ot 
intramural sports with the majority of 
students actively participating instead 
of the all too common practice of stu- 
dents by the thousands watehing a squad 
of 60 to a 100 specialists march back 
and forth between the goalposts. 

To teach in the kind of program | 
have suggested and to lead discussions 
successfully requires a special kind of 
teaching. In the first place, most college 
professors are fascinated by the sound 
of their own voices; that may be one 
reason they are teachers! But in dis- 
cussion, thev have to listen to vague 
and irrelevant comments: that this is 
sometimes ineflicient cannot be denied, 
discussion 


but I am convinced that 
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leaves a greater impact on the student's 
mind because he is learning by doing. 

In the second place, the suggested 
have outlined 


program | requires a 


generalist and most college professors 
are, or want to be, specialists. “Tsola- 
tionism among scholars,”’ as Dr. Killian 
of Massachusetts Institute of Technology 
aptly termed it, has little place in the 
tightly 
The 


mistruction 


humanistic-social area of a 


packed 


only wav to get 


engineering curriculum. 
eflective 
limits lies in 


and if 


within the severe time 
integration within the courses 
the instruction is to make any sense in 
the mind of the student, it must first of 
all be integrated in the mind of the 
instructor. 

rhis seems to me a fundamental fact 
which educational institutions and the 
products of American graduate schools 
have too long ignored. In commenting 
on graduate education, The Report of the 
President's Commission on Higher Educa- 
tion made this significant statement: 
*Since less than a third of the holders 
of PhD degrees are primarily engaged 
in research—in educational institutions, 
industry, or government—it is un- 
to confine graduate programs 


kinds of 


realistic 


to the experience that) con- 


tribute in the main to profi reney in 


researt h 
Certainly we want teachers who have 
a special competence in one area, but 
we want them also to see its relation- 
arbitrary 
knowledge 
which marks much education is absurd 
if we take 


fact that the human mind is the focal 


ships to other areas The 


compartmentalization — of 
as our premise the obvious 


point of all education. Fortunately, no 


technique has yet been found for 
splitting the mind into its Department 
of Economies, its Division of History, 


And while 


useful organizational de- 


and its School of Literature. 
these mav be 
vices for the college administration, the 
staff concerned with general studies in 
a technical institution has a_ special 
responsibility to stress the interrela- 
tionship of science and technology, on 
their human and 


the one hand, and 


social impact, on ithe other. A similar 


responsibility, | believe, rests on the 
technical and scientific teaching staff: 
as Dr. Edmund W. Sinnott said at 
Shefheld Scientific School’s Centennial: 
“The sciences must be taught not as 
a privileged and superior discipline but 
as parts of a great whole and against the 


background of all human knowledge.” 
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REPRODUCTIONS from a 500-piece collection on display in the Main Building are an 
integral part of the course at Case. Pictures are changed frequently, and about 150 
are loaned to dormitory students exposing them to art rather than Petty and Varga girls 


What Will These Courses Accomplish? 


1 am convineed that study in the 


humanities and social studies has an 


intensely practical value for the engi- 


neers career, quite apart from the 


aspects of personal enjoyment or per- 
which [| have 


sonality development 


already mentioned. If it is proper to 


likely to 


rise to executive positions in the future 


assume that the engineer is 


and most existing surveys show that 
then 


managers will undoubtedly 


this assumption is well founded 
these future 
have to deal chiefly with problems of 
labor 


human relations in the area of 


and management, and with government 
lo cope with these problems ade- 
quately, these future managers will have 
to understand the general principles on 
which individuals and societies operate. 
the habits of thought, 


information, and the 


For that reason 
the background 
standards of today’s 


values, which 


engineering student has, are of the 


utmost importance to tomorrows in 


dustrial society. In this context, it 
seems to me that study of the humanities 
very 
total 


engineering or scrence 


and social studies can make four 
important contributions to the 
education of the 


student. 


In the first place, these studies can 
show the future engineer that there are 
social and human problems to which 
there is no one right answer. This is not 
to say that answers to these problems 
cannot be found, but rather to under- 
score the importance of understanding 
that there are human and social areas 
where formulas and equations do not 
apply. If there is one thing the average 
freshman or sophomore in engineering 
seeks, 


be to the third problem in yesterday's 


it is the right answer, whether it 


physies assignment or to today’s cal- 
culus homework, 

As a result of this exact discipline, he 
inclines to one of two beliefs when he 
historical or 


comes to contemporary 


social issues that someone ought to 
tell him the right answer or that this is 
an area where anybody's opinion is as 
good as anybody else’s. The techniques 
of discussion and the use of case 


studies in the humanities and social 
studies have a healthy effect in making 
him less inflexible, more tolerant. He 
comes to learn that, despite our phrase, 
there is no such thing as “the human 
equation.” 

In the second place, he learns that 
methods do 


certain techniques and 


VW 





apply in such studies as history and 


literature. If history has any  signifi- 
cance at all, it is only because it is the 
study of behavior. And the 


historian himself has developed _pat- 


human 


terns of behavior which form an im- 
portant part of the young engineer’s 
mental growth. He can learn to handle 
evidence, to choose and select signifi- 
cant data, to ask the right questions, 
and finally to make a wise decision. 
That is why it is disastrous to teach 
history to engineers as a collection of 
facts or a succession of dates, kings, or 
rulers; rather, it should be a study of 
human behavior throughout the ages 
in a wide variety of situations and con- 
texts from which the students can learn 
about forming 
intelligent judgments based on evidence. 
The result, ideally, should be a greater 


human experience by 


maturity, the opposite of which is ex- 
pressed in the sentence engraved over 


“He who 


never escapes from the present remains 


one American college library: 


always a child.” 

Third, the study of literature can be 
an illuminating experience in teaching 
the engineer that men are motivated 
not alone by logie but by their emotions. 
| would no more try to defend greal 
literature that | would try to defend a 
symphony by Beethoven or the clean 
beauty of the Golden Gate bridge or the 
symbolic thrust of the UN building into 
the New York sky. 


a defense: | simply believe 


This is an explana- 
tion, not 
that literature, well 
large a young man’s horizons by giving 


taught, can en 


him an insight into man’s emotional 


make-up; by giving him unfamiliar 


points of view: by enlarging his ex 
perience with other times and other 
countries; and by helping him to dis- 
tinguish between the cheap, the tawdry, 
the commonplace, and the great and 
timeless expressions of the human mind. 

That much of our teaching of litera- 
ture has not measured up to these 
standards, | am all too well aware. But 
the frequent comment of students that 
“Tl had Shakespeare crammed down my 
throat and Tl work 


again” is no measure of Shakespeare but 


never read his 


of inadequate teaching, and it imposes 
a special obligation on the engineering 
colleges to employ teachers of literature 
who by their knowledge, their enthu- 


siasm, and their understanding can 
make the great writers come alive again. 
Under such teaching we can perhaps 


restore among our graduates what is 
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rapidly becoming the lost art of reading 
~an art whose significance is attested 
by a strange authority; for it was 
Adolph Hitler in Mein Kampf who said: 
“The fault with German education in 
the last century was that it produced 
men who liked books.’ The reading of 


hooks 


can produce men with standards of 


and particularly great books 


values, with convictions about freedom 
and human dignity who stand in the 
path of the Hitlers and tyrants of the 
world. 
Finally, the 
studies can give the engineering student 


humanities and. social 


a fund of ideas and experiences which 
make him more articulate. The plight 
of the man who was all dressed up with 
no place to go is too often matched by 
the technical man who can’t talk about 
anything else but his own special 
subject. | have a high regard for in- 
struction in public speaking, but unless 
speaking is motivated by ideas and con- 
victions it becomes an empty gesture 
subject to the same comment that the 
Queen made to Polonius: “More mat- 
ter, with less art.” By emphasizing the 
matter of ideas along with the art of 
informal discussion, the general studies 
can help future engineers to avoid the 
famous admonition by Phillip) Swain 
that they should attend technical meet- 


ings and then “go thou and do other- 


wise!” 

To sum up, the humanities and social 
studies are important because they are 
centered on human beings rather than 
on things. In these studies man is the 
measure and if business, industry, and 


American society today have their 


technical problems, they seem to be 
outshadowed by the human problems 
Our technical competence is superb; 
our humane techniques need develop- 
ment. This is what Secretary of War 
Stimson was saying in his significant 
words about the atomic bomb: “The 
focus of the problem does not lie in the 
atom: it resides in the hearts of men.” 


Teacher. 


relations 


author, speaker, and public 


consultant, Dr. Shurter at 
present is head of the division of 
humanities and social studies at Case 
Institute of Technology. Cleveland. He 
is also a business writing consultant; his 
titled ERrECTIVE 
Letrers tN Business was a choice of 


the Executive Book-of-the-Month Club. 


most recent book 


By way of conclusion, it strikes me 
as highly significant that the magazine 
of one of America’s great industries 
includes in its pages an article dealing 
with one important phase ot engineer- 
ing education. More and more, our 
technical institutions and industry have 
come to realize that they are partners 
in developing the future leaders of a 
technological society. This relationship 
makes it increasingly essential that in- 
dustry understand the problems and 
achievements of today’s education: and 
it likewise imposes an obligation on our 
educational institutions to understand 
industry's needs. 

The interest and support that indus 
trial corporations have contributed to 
engineering institutions have been su- 
perb, and [ believe that this co-operation 
can be even more helpful in the future. 
My own personal conviction is that this 
relationship can be effectively im- 
plemented in the future by having our 
industrial leaders encourage a greater 
degree of experimentation in our educa- 
tional programs. 

Specifically, | think that engineering 
education might altempt a greater 
diversity in its pattern, which strikes 
me as far too uniform at present. I 
should like to see 


integrate the scientific and engineering 


attempts made to 


courses within our curricula. | should 
like to see one or more institutions de- 
vise programs which give equal emphasis 
to the three major components of our 
education—the fundamental sciences, 
the applications of engineering, and the 
humanities and social studies. | would 
look hopefully to a program that would 
put far more emphasis on the economic 
and financial aspects of business and 
industry than any curriculum does at 
present. And I should like to see at- 
tempts break the 
lockstep of heavy required courses so 


made to academic 
that the superior student may develop his 
special talents and strike out on his own. 

Perhaps these suggestions reflect only 
the temerity of one who is not an engi- 
neer. But if experimentation is the base 
of scientific and engineering progress, 
it would also seem to be relevant to 
engineering education. Only the future 
can decide whether such methods are 
pertinent, but that future is being 
shaped in today’s education. That is 
why your attitudes and interest are so 
important, particularly as they pertain 
to the role of the humanities and social 


studies in engineering institutions. Q 
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ALTHOUGH CONSIDERED IMPLAUSIBLE, TESTS SHOW THAT LOCOMOTIVE WHEELS SLIP AND LITERALLY ‘DANCE’ ON THE RAILS AT HIGH SPEEDS 


In the days when steam ruled the rails 
there was littl 
tive wheel slip. Driving axles usually 


mystery about locomo- 


were coupled together, and when slip 
did occur, the engineer both heard it and 
felt it and took steps to correct it. 
all-electric and diesel- 
locomotives its a different 
individually 


But with 
electric 
story Anv one of 16 
driven axles can slip, and the engineer 
may be 200 feet away with 6000 hp of 
laboring diesels in between. An auto- 
matic method of detecting and correct- 


ing wheel slip is necessary. 


Is Slip Harmful? 


Wheel slip isn’t a minor annoyance 

: that contributes to high 
It’s one of the 
loosened and damaged 


its a factor 
motor maintenance bills. 
chief causes ol 
armature windings, as well as harmful 


motor flashovers. Elimination of slip 


would also improve locomotive per- 
formance and prevent possible accidents 


because of locked axles. 
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Slip 


By R. M. SMITH 


You are familiar with the slipping of 
Wheels that sometimes takes place when 
a train is starting or pulling hard at low 
speeds. And for many years we thought 


that locomotives with electric drive 


would not slip at high speeds. Our 
reason for thinking this was based on 
the fact that the 


motor falls off as its speed increases. For 


torque of a traction 


instance, a typical diesel-electric freight 
60.000 
pounds starting tractive effort before 


locomotive develops about 


the wheels slip At 50 mph the torque 
of the motors is one-sixth of the starting 
torque. At 50 mph, therefore, wheel slip 
only if the 


friction were reduced from 25 to around 


could start coefh lent of 


! percent. 


High-speed Slip 


But as more and more diesel-electric 
locomotives went into service, the more 
and more we became convinced that high- 
speed wheel slip was taking place, even 


though the tractive effort did fall off. 


To further investigate this problem, 
we equipped an Alco-GE passenger loco- 
motive with speed recorders connected 
to all axles. A study of the recorder 
tapes showed that wheel slip did occur 
over the entire speed range, but that 
most slip occurred between 40 and 60 
mph (curve, page 14). Analyzing these 
results, we find that wheel slips under 
20 mph oecur because the motor torque 
is high, and small changes in rail condi- 
tions cause slipping to start. As the speed 
increases, the riding qualities of the 
trucks become more important. In this 
medium-speed range, irregularities in 
the track and variable operation of the 
truck springs and equalizers will mo- 
mentarily take weight off an axle and 
slipping will start. But as high speed is 
reached, the falling off of motor torque 
cuts down the frequency of wheel slip. 

Most of the mileage during this test 
was at speeds of 50 mph and higher. 
Even though fewer slips per mile occur 
at high speed, it is logical to expect a 
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PATTERN of wheel slips observed during tests. Solid line is per- 
cent of total slips; dotted line number of slips per mile 


greater percentage of slips in this region. 
This particular locomotive did most of 
its mountain climbing at 40 to 60 mph, 
a fact that helps to account for the high 
percentage of slips in this speed range. 


How Slip Starts 


One way of starting wheel slip is to 
reduce the coefficient of friction  be- 
tween the wheel and the rail. Water, oil, 
insects, or wet leaves will do the job. 

Another way to start slip is to take 
weight off the motored axle. This doesn’t 
happen much at low speeds, but it be- 
comes more pronounced as speed in- 
creases. Rough track and switches ae- 
cent the problem. Truck equalizers are 
supposed to distribute weight evenly on 
all axles. But if they’re not free or if the 
truck springs are highly damped, the 
dynamic weight distribution, especially 
at high speeds, will be variable—the 
wheels literally “dance” on the rails 
with an inerease in the frequency of 
wheel slip. 

At low speed we find that the lead- 
ing axle in a truck is usually the most 
slippery, regardless of how we design the 
truck. A minor reason is that the leading 
axle has the job of clearing the rails of 
foreign matter. But the most important 
cause is weight shift that makes the 
leading axle the lightest axle. Weight 
shift is caused by the turning couple 
that exists when the locomotive is pull- 
ing. The drawbar, which exerts a back- 
ward force on the locomotive, is higher 
than the point of contact of wheel and 
rail where the equal and opposite re- 
action is exerted. The moment formed 
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by this couple is balanced by a weight 
shift that takes weight off the leading axle 
and adds it to the rear one. A familiar 
example is the way the rear end of an 
automobile sinks down during rapid 
pick-up. (In this case, of course, the 
couple is formed by the mass of the car 
being higher than the wheels.) 

The very 
locomotive wheels is another factor that 


nature of the design of 


causes wheel slip. They are constructed 
with a conical section on the wheel tread. 
This permits the wheels on an axle to 
between the rails 
and prevents back-and- 
forth movement between the rails. When 


center themselves 


nosing or 


the axle moves from the “center” posi- 
tion, there is a shift in the line of contact 
between the wheels and rails. This means 
that there is a difference in diameter 
between the two wheels where they meet 
the rails. Whenever this condition 
exists, one of the wheels must slip 
slightly because, obviously, they both 
distance for- 


move the same 


Hence, there is always a small 


must 
ward. 


amount — of whenever this 


slipping 
centering action takes place. It is there- 
fore logical to assume that the coefficient 
of friction of the locomotive in motion 


is lower than that at standstill. 


Method of Detecting Slip 


The most common method of detect- 
ing wheel slip is to measure the voltage 
or current balance between traction 
motors. Unfortunately, the two much- 
used schemes of detecting unbalance 
for d-e series-type traction motors (dia- 


gram above) have several disadvantages. 


A 


PROTECTION CIRCUIT (left) measures unbalance in traction mo- 
tor current. Other circuit measures differential armature voltage 


The scheme that measures unbalance 
in traction motor current decreases in 
sensitivity at high speed. As the speed 
increases, the traction motor current 
drops. The relay, however, must operate 
on a fixed differential in motor current. 
This means that the speed differential be- 
tween motors necessary to produce the 
required relay current is greater at high 
speed than at low speed, because motor 
amperes per revolution are lower. In 
addition, traction motor field shunting is 
used over part of the locomotive speed 
range, a factor that further reduces the 
current in the motor fields at high 
speeds. A further disadvantage of this 
system is that when a motor is cut out 
for anv reason, wheel-slip protection on 
the remaining motors is lost, and then 
the system gives no indication of locked 
axles in the truck. 

The arrangement that measures dif- 
ferential armature voltage has the op- 
posite characteristics because the motor 
voltage is low at low speed. Since most 
locomotives change motor connections 
from series-parallel to parallel at some 
intermediate speed, it is not possible 
to use this scheme at high speeds where 
it has greatest sensitivity. The simplicity 
and low cost of these systems. however, 
have resulted in their wide use. 

Various schemes of measuring acceler- 
ation are used on railroad passenger 
cars to prevent wheel sliding during 
braking, and it is often suggested that 
we use them to detect wheel slip on 
locomotives. But it’s not quite so simple 
as that. The acceleration rates we en- 
counter in locomotive wheel slip vary 
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SPEED-DISTANCE curves (left) show simultaneous wheel slip of all motored axles. 
Curves at right show sustained wheel slip on slippery rails 


from about one or two miles per hour 
per second, up to 18 mph per second. 
Passenger car wheels, on the other 
hand, usually start sliding at a higher 
rate of deceleration. There is also the 
possibility that wheel slip may become 
stabilized at some value above locomo- 
tive speed, or that a locomotive may start 
with a locked axle. In either case there 
would be no acceleration to measure. 
From the foregoing we can come to 
that a 
axle velocities is necessary for adequate 
wheel-slip protection. Working on this 
recently developed a new 


the conclusion comparison of 


premise, we 


system that has successfully passed 


initial tests. Its operation is based upon 
voltages that are 


comparison of pro- 


portional to the speed of the axles 
being protected. A time-delay relay pro- 
vides protection against abnormal con- 


An addi- 


tional feature is the provision of wheel- 


ditions, such as a locked axle. 


slip indication during dynamic braking. 


Slip Correction 


We can correct wheel slip in several 


ways. The one method almost univer- 
sally used on diesel-elec tric locomotives 
in this country is to remove or reduce 


the traction generator excitation. A 
second method, proposed by a Swiss 
locomotive builder, is to make a light 
air-brake application. 

During early experiments we did 
completely remove excitation from the 
generator, but we found that the sudden 
reapplication of the venerator power was 
very likely to start a second wheel slip. 


It was apparent that it was necessary to 
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control the rate at which power is re- 
applied. In our new system, excitation 
on the main generator is reduced to a 
point low enough to stop any normal 
wheel slip, but when the power is re- 
stored, it is restored gradually with a 
time lag of about half a second. 

involves a light 
brakes 
a wheel-slip signal has not 
United States. Our 


friends overseas claim that this method 


The scheme that 
automatic application of air 
following 
been tried in’ the 


permits the locomotive to maintain 
higher average tractive effort under very 
slippery rail conditions, and sometimes 


sand. A 


furthermore, 


even eliminates the need of 


light brake application, 


WHEEL-SLIP protective equipment is 
one of the projects the author is working 
on in the Control Engineering Division 
of the Locomotive and Car Equipment 
Department, Erie. Mr. Smith is a graduate 
of GE’s Creative Engineering Program 
and the Engineering Analysis Course 


does not completely kill the motor 
torque as does removal of generator 
excitation. The braking effect provides 
sufficient the slipping 
wheel enough so that it will again lock 
in step with the rail. We feel however 
that this sytem is inherently slow as 


drag to slow 


compared to the other, 


Simultaneous Slip 


Another 
covered during our locomotive tests 


interesting fact we dis- 


was that simultaneous wheel slip of two 
or more motored axles is quite common, 
Actually, in 14 percent of all the cases 
we recorded, all four motored axles 
slipped. The charts (left) show sections 
of speed recorder tapes for each 
motored axle on the test locomotive. 

As a further took 
grams of the acceleration rate of several 


slips that occurred at high speed. With 


test, we oscillo- 


a measure of aeceleration and motor 
torque it was possible for us to Compute 
the coeflicient of friction——it was found 
to be 134 percent for the worst ease. 

A close inspection of the original 
speed-recorder tapes (left, above) showed 
that the axles started slipping in a 
|-2-3-4 sequence. The first axle reached 
the highest speed because it started 
slipping first. It was immediately de- 
tected and corrected by the new wheel- 
slip equipment on which we were con- 


ducting tests. 


Speed Reference Necessary 


These charts also point out the 
necessity of having some sort of a speed 
reference for any wheel-slip detection 
apparatus. Diesel-eleetric locomotives 
fitted trucks 


have 6ne idle axle per truck, which can 


with three-axle usually 
be used for a speed reference. Loco- 
motives with all axles motored present 
a different problem. \ good wheel-slip 
detection system for use on such loco- 
motives would probably have to be 


train-lined between the several units 
making up the complete locomotive so 
that we could get a satisfactory speed 
reference. 

Both railroads and locomotive builders 
recognize the need for improved means 
of detecting and correcting wheel slip, 
particularly on passenger locomotives. 
It would help reduce motor maintenance 
better 


locomotives. The system described shows 


costs and make for operating 


promising results on field tests, and we 


expect widespread applications as soon 
as it is available commercially. Q 
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AUTHOR WITH ION CHAMBER OF THE TYPE THAT PROMISES SUPERIOR RESULTS FOR RADIOCARBON MEASUREMENTS. IT’S A MEANS OF... 


Measuring Low-level Radioactivity 


The chattering of Geiger counters is 
being “heard” with increasing frequency 
in the literature of today, both technical 
and popular. Parading across your TV 
screens are white-clad figures cautiously 
measuring traces of lethal radioactivity 
in the dust of atomized areas. And more 
and more radioactive tracers are being 
used in agriculture and industry for 
various purposes. Recently there has 
been a flurry of excitement over radio- 
carbon dating—a technique that deter- 
mines the age of archaeological and 
anthropological relics by measuring the 
amount of radioactive carbon that they 


contain, 
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By DR. DAVID L. DOUGLAS 


All these developments depend on the 
measurement of radioactivity. Are there 
any new ideas in the field of low-level 
radioactivity? (Low-level radioactivit, 
involves activities that are a thousand 
times below the lowest working level 
used in the average radiochemical lab- 
oratory.) What type of instruments are 
used and how sensitive are they? What 
is the lowest level of radioactivity they 
can detect? 

But before we get into the instru- 
ments and techniques for measuring 
low-level radioactivity, let’s take a look 
at the story behind radiocarbon dating, 


first in regard to the origin of... 
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Carbon-14 
How is carbon-14 formed? The me- 
High- 


bom- 


chanies are straightforward: 


energy cosmic rays are always 
bharding the earth’s atmosphere, and 
for all practical purposes always have 
been. Reacting with the nuclei of air 
atoms they produce neutrons, among 
other things. The neutrons go careen- 
ing off and finally slow down enough 
to react with nitrogen-14 nuclei. The 


result is a carbon-l4 atom and a hy- 


drogen atom. The oxygen in the air 
then attacks the carbon-14 atom and 


carbon-14 dioxide is formed; winds as- 
sure that the carbon-14 dioxide is well 
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mixed with ordinary carbon dioxide in 
the air. 

What happens to this carbon-14 di- 
oxide that is being produced continu- 
ously in the atmosphere? For one thing 
it is absorbed by plants, trees, and all 
living vegetation. Animals and humans 
eat the plants, as well as the radiocarbon 
in the plants, thus building up a store 
of carbon-14 in their tissues. All this 
leads to the technique 2) eae 


Radiocarbon Dating 


\ dog dies and ceases to take in any 
more carbon. Five thousand years later 
an anthropologist discovers a bone frag- 
ment of the beast that somehow has 
been preserved. A carbon-14 measure- 
ment is made of the bone fragment (after 
proper preparation) and the scientist 
says that Fido was happily romping some 
9000 years ago. 

How did the scientist know? As soon 
as the dog died, its store of carbon-14 
atoms began to disappear at a uniform 
rate-—-only one-half of the original store 
of radiocarbon remains after 5568 +30 
vears (the half-life of carbon-14). It was 
in easy matter for the scientist to deter- 
mine the age of the bone fragment by 
noting the amount of radioactivity that 
remained 

But don’t vou need a reference point 
from which vou can hang this entire 
concept of radiocarbon dating? By all 
means. and the answer to that 
question illustrates the nicety of the 
theory. 

We know that the rate of formation 
of carbon-l4 has been constant since the 
beginning of time (it’s based on the fact 
that cosmic-ray intensity has also been 
And because the rate of for 


mation of carbon-14 has been uniforrn 


constant) 


for several times its half-life. a steady- 
state condition must have been reached. 
As a result of this steady-state condition, 
the total number of carbon-14 atoms 
formed in the atmosphere per unit time 
is equal to the total number decaying 
over the entire earth in the same period 
of time. Therefore, our reference point 
obviously must be the amount of carbon- 
14 that is contained in living carbon 
carbon that exists right now. 

Now that we have our reference point, 
it follows that a time-scale can be defi- 


nitely established by taking the differ- 





ence between carbon- 14 activity in living 


carbon, and a sample A number of 
vears old, Translating the difference into 


years is a simple matter. 


Therefore, the two important aspects 
of natural radiocarbon distribution are: 
1) the coneentration of carbon-14 is 
the same in all living organisms—dog or 
dogwood tree; and 2) our dogs of today, 
for example, have exactly the same con- 
centration of carbon-14 in their tissues 
as their canine counterparts of 5000 
years ago. 

Thus we have formed the structure 
upon which the theory of radiocarbon 
dating is built, a field that was pioneered 
by Prof. Willard F. Libby of the Univer- 
sity of Chieago’s Institute of Nuclear 
Studies. 


Libby 


against samples of known age, 


checked many of his results 
such as 
Egyptian relics whose vintage was accu- 
rately known. The agreement between 
the radiocarbon dates and the known 
ages was excellent: the method was thus 
proved for ages up to 5000 years. In all, 
Libby and his associates have dated some 
hundreds of specimens with the results 
ranging up to about 17,000 years. Beyond 
this figure only a lower limit may be set. 

The next and obvious question about 


How far back in 


radiocarbon dating is 


the past will the me thod take us?” But 


it's a question we'll have to defer until 
we find out something about the measur- 


(It should be 


mentioned however that carbon of geo- 


ing of low-level radiation 


logical origin. such as coal and oil, is so 
enormously antique that no trace what- 


ever of radioactive carbon will be left.) 


Carbon-14 in Living Carbon 


There are two methods of estimating 
the carbon-L+ content of contemporary 
arbon, One we needn't bother with, but 
the other invol measuring the radio 


activity of a sample of carbon that has 


purified. Measuring the 


i simple task. but the 


low energy of the radiation emitted by 


neen carefully 
sample should be 
the decaving carbon- |b atom complicates 
matters a great 

If a gram carbon is spread 
uniformly over an at ibout the size of 


taff of the 
Knolls 


henectady um 


ftomu 


s fime er 


a playing card, there will be less than 
one particle per minute emitted from 
the surface. Because the counting rate 
decreases in direct proportion to the 
area, making the area smaller won't 
speed the process. Larger areas give 
larger counting rates but the rate is no 
longer independent of the thickness of 
the laver, a situation that makes things 
even more complex. (Later we shall see 
how the counting problem is solved.) 

The result of 
gives 15 disintegrations per minute per 


such measurements 
gram as the specific activity of living 
carbon, This figure is in excellent agree- 
ment with results of the other method. 


Background Radioactivity 


One thing that makes low-level meas- 
uring techniques so difficult is the ever- 
present nuisance of background radio- 
activity. 

If you operate a typical Geiger counter 
in an area that contains no collection of 
radioactive materials, it still will register 
about 100 counts per minute. This re- 
sults from background radiation and the 
counting rate is simply called the “back- 
ground,” 

The particles (or rays) that make up 
this count are: |) cosmic-ray mesons: 
2) gamma rays emitted by the small 
amounts of naturally occurring radio- 
active elements (uranium and thorium 
and their decay products) that’ con- 
taminate all materials such as wood, 
concrete, and metals; and 3) alpha par- 
ticles. emitted from the same source as 
in 2, that are contained in the counter’s 
materials of construction. 

Phe alpha particles are unimportant, 
and four inehes of lead around a Geiget 
counter will cut the gamma rays to about 
one-half of one percent of the unshielded 
value. By going deep into the earth you 
can escape the endless rain of cosmic 
rays. And exhaustive chemical purifica- 
tion will remove the last traces of radio- 
active materials that contaminate the 
materials from which youre counter ts 
built. 

But regardless where you go or what 
you do you re vomng to get some back- 
eround radiation. 

Building a midget Geiger counter, it 
is true, will reduce the background 
count, but such a counter is of no use 
when you're working with samples of 
low activity. In faet, for low-level meas- 
urements a king-size counter is needed 
to get a significant counting rate. But 


the larger the counter the larger the 
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ANTICOINCIDENCE SHIELDING on Geiger counter helps reduce background level. 


To count background the sample cylinder is slid in the direction of the arrow so that 
the bare portion of the sample cylinder surrounds the counter wire 


background; clearly the beginning of a 
vicious cycle. 

How do we keep the counter a rational 
size and still reduce the background 
enough so that we can successfully do 
low-level work? One method used with 


Geiger counters is called... 


Anticoincidence Shielding 


The method is amazingly simple—the 
counter is merely surrounded by a ring 
of counters. and the circuits are so 
arranged that counts that occur simul- 
taneously in one or more of the peri- 
pheral counters and the center countet 
are not registered (diagram above). 

Libby and several other workers are 
using just suc h a counter for measuring 
the carbon-14 activity in samples ranging 
in age from zero to more than 15,000 
years. The tube where the samples are 
placed is three inches in diameter and 
the shielding consists of eight inches of 
iron plus two inches of lead, in addition 
to the anticoincidence counters. The 
results are gratifving—the background 
changes from an unshielded 400 to 500 
counts a minute to six to seven counts 
a minute! 

For living carbon, the sample count- 
ing rate is about six per minute. To 
measure the counting rate ot a sample 
with a statistical error (the standard 
deviation is commonly used) of LO per- 
cent, a 48-hour count is required. The 
long counting time (divided about 
equally between sample counting and 
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background counting) is necessary be- 
cause of the low counting rate—the 
error in a given number of counts is 
proportional to its square root. A fur- 
ther reduction of the background would 
help a little by shortening the required 
counting time, but even with no back- 
ground rate some 30 hours would be 
required for an error of one percent, 
Despite the handicap of the long count- 
ing times, Libby and his colleagues have 
dated hundreds of archaeological and 
anthropological relics. 

Unfortunately, long counting times 
will always be necessary as long as one 
is restricted to Geiger counters because 
you can refine them just so far. In the 
field of low-level techniques, a Geiger 
counter is like a high-power microscope: 
by the very nature of its design you can 
make it just so powerful. After that 
you've got to shift to something of an 
entirely different) design, perhaps an 
electron microscope. 

One of the difficulties of the Geiger- 
counter technique is that the samples 
must be in a solid state. And it is inter- 
esting to note that only some five per- 
cent of the total number of beta par- 
ticles emitted by carbon-14 penetrate 
the carbon layer and register as counts. 
If the solid carbon could be converted 
easily to some gaseous compound which 
could then be used as a sample, much 
greater counting efficiencies would re- 
sult. But the only gases that can be 


prepared with any ease are carbon 
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monoxide aud carbon dioxide, and 
Geiger counters cannot tolerate appre- 
ciable pressures of either gas. Methane 
is an ideal gas, but it’s difficult to pre- 
pare on a routine basis. 

One device that shows great promise 


for low-level techniques is the... 


lonization Chamber 
In an ion chamber an electric field 
separates the ions produced when the 


particles pass through the gas that fills 


the chamber. lons of one sign (positive 
or negative) are collected on one of the 
electrodes. The amount of charge col- 
lected is then measured with an electro- 
scope or electrometer and is a measure 
of the quantity of radioactivity present. 

About 
acting on a suggestion of Prof. H. V. 
Neher of the Institute of 
Technology, Pasadena, began an inves- 


three years ago the author, 
California 


tigation of the possible use of ionization 
chambers for the measurement of low- 
level carbon-1l4. The research that will 
be described was performed in the Gates 
and Crellin Laboratories of Chemistry 
at Cal Tech under the auspices of the 
U.S. Atomic Energy Commission. 

It appeared to us that if we used 
carbon dioxide gas in a high-pressure 
chamber. we could introduce a large 
radioactive sample without an undue in- 
crease in background. Our rough calcu- 
lations showed us that we could expect 
an ionization current of 7 X 10°'° amp 
from a 10-gram sample of carbon (con- 
verted to earbon dioxide). Clearly, the 
detection of such minute currents would 
require a special technique. In fact, it is 
virtually impossible to pass such a cur- 
rent through conductors that are in 
contact kind, 
because the current will be swamped by 


with insulators of any 


the strain currents caused by stresses in 
Another 
that are about the 


the insulators. hindrance is 
leakage currents 
same size, and sometimes larger, than 
the current we were trying to measure. 

We decided that the only: wav to 
measure such small currents was to use 
a sensitive electroscope system. Fortu- 
nately, instruments containing such 
systems were available in the form of 
cosmic-ray ion chambers (photograph 
on opposite page). The spherical cham- 
ber has a capacity of 0.8 liters and con- 
tains a quartz torsion-fiber electros ope 
that has a capacitance of 0.6 = O.1 em 
(0.66 & 10 
photographic and we were able to detect 


currents in the order of | & 10° amp 


' farads). The recording is 
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which is just ample for low-level 
techniques. 
But even 


means pertec t: we still had to contend 


these devices are by no 


with background. Four inches of lead 
helped to reduce the gamma-ray con- 
tribution to insignificant proportions, 
and alpha emission from the walls of 
the device was reduced somewhat by the 
classical method of applying a_ thick 
layer of lampblack. 

The cosmic-ray contribution to the 
background posed a problem because 
the only way we could eliminate it was 
to locate the instrument under a large 
mass of earth, water, or concrete. For- 
tunately, two suitable locations were 
available in the Pasadena area. The first 
was a large pil about 90 feet below the 
earth’s surface on the Cal Tech campus 
that proved to be convenient for our 
work. Cosmic-ray intensity was reduced 
by 90 percent 
of the lower galleries in Morris Dam, a 


he other site was one 


considerable concrete structure about 


20 miles away. Here the cosmic-ray 
background was reduced to about one 
percent of normal value. 

Over 


tively tested the cosmic-ray 


a two-year period we exhaus- 
nstruments 
and various te hniques ols iiple prepa- 
ration. We did two experiments to verify 
Libby's estimate of 15.3 disintegrations 
per minute per gram as the spect 
activity of living carbon. Our results 
were 14.5 and 14.8, which we = con- 
sidered to be in good agreement with 
Libby’s value 

But all during our tests the presence 
of background prove d to be a headache. 
True. the effeet due to the carbon-14 in 
living carbon was easily detected: but 
the sample effect to bac!ground ratios 
was disappointing—-O0.26 in the pit and 
0.61 in Morris Dam. (A figure of 1.0 
would be equivalent to that obtained 
with the anticoincidence-shielded Geiger 


counter.) We 


that the alpha-particle background was 


came to the conclusion 
still very high. Separate experiments 
indicated that well over 90 percent of 
the background observed in Morris Dam 
was caused by alpha parti les emitted 
from the walls of the ion chamber. We 
measured the rate of emission and found 
that it was several times that of the best 
surfaces reported by other investigators, 
But preparing a surface that is  sub- 
stantially free of alpha emission is not 
a simple problem. Even clean steel. per- 
haps the best surface, emits at a rate of 


about one alpha particle per square 


IONIZATION CHAMBER, of the type used for cosmic-ray study, was used by re- 
searchers for measuring low-level radiation. Spherical chamber is at right, recording 
camera is at left. This equipment was a forerunner of the type shown on page 20 


centimeter per day. So in attacking this 
problem we took a direct approach 
ion chambers were built in which the 
outer conductor (or wall) consisted of 
a grid of fine steel wires. Immediately 
we noticed a reduction of about 98 
percent. 

We also mad 
sign change in the new ion chambers. 
The torsion ele troscopes are sensitive 
and difficult to build Also. the photo 


method of recording the phe- 


wuiother important de- 


graphic 
nomena is not the most convenient. A 
new Ly pe ot electroscope, developed by 


Professor Neher was used 


required to neutralize 


Chis system 
measures the time 
a certain amount of charge on the col- 
lecting electrode. a factor that makes it 
easily adaptable to automatie recording. 
\ sf hemati diagt un and desc ription ot 
this latest model ion chamber and _ re- 
cording system is shown on page 20, At 
the present time final tests are being 
made on this instrument and the results 
so far indicate that the alpha-particle 
problem has been conque red, kor in- 
background ratio of 


stance, sample-to 


0.45 was observed in the pit, a result 
that promises a ratio of five or more in 
Morris Dam. It is also possible that the 
circuits will be altered to shorten the 
discharge intervals so that such long 
counting times will not be required. 
(At the present time reliable dating can 
be done only in the dam, and a two-day 
count is required to reduce the statis- 


tical error to LO percent.) 


We are confident that this new device 
will soon prove to be quite superior to 
the Geiger counter for measuring low- 
level radiocarbon. 

Two other instruments have possible 
applications in the field of low-level 
radioactivity measurements: One is the 
proportional counter which is a modified 
Geiger counter; the second is a pulse 
ion chamber with pulse height dis- 
crimination circuits. Both these devices 
possess the advantage in that they could 
be operated with anticoineidence shield- 
ing: but because the electronies involved 
is extremely complex, it is doubtful 
whether either one will find use outside 


the laboratory. 


Dating with lon Chambers 


Although the greater majority of the 
work on the new ion chambers has been 
developmental, a few relics have been 
dated. 

One sample Was collec ted from one of 
the ruins in the Southwest by Harold 
Gladwin, noted anthropologist of Santa 
Jurbara, Calif. By means of his tree-ring 
dating method, Gladwin established the 
average age of the sample as 1830 years. 
Iwo determinations on this sample 
yielded 2005 + 370 years as the age by 
our ion-chamber technique. We con- 
sidered this agreement satisfactory; the 
large error reflected the excessive sta- 
tistical fluetuations because of the large 
alpha-particle contribution to the back- 


ground. 
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RECORDING ION CHAMBER, similar to one on page 16, uses high-pressure gas to 
stop alpha particles. In operation the quartz fiber conducts charge to the quartz 
collecting electrode. Immediately after the rod is charged, the fiber is repelled by 
electrostatic forces. As the negative ions are collected, and the charge on the col- 
lector thereby reduced, the fiber gradually approaches the rod. At some point in 
this process the “image-forces” predominate and the fiber is attracted to the rod, 
thus recharging it. This produces a pulse that actuates the register 


The other relic dated was a sample of 
wood from the La Brea Tar Pit in Los 
Angeles. It was supplied by the late 
Prof. Chester Stoek of the California 
Institute of Technology and was pre- 
sumed to be contemporaneous with the 
sabre-toothed tigers and Dire wolves, 
remains of which abound in the tar. 
Iwo separate measurements gave us 
16.250 +2000 and 16.400 + 2000 as the 
age of the wood. We believe this result 
is noteworthy in that it marks the first 
estimate, with any elaims to reliability, 
of the age of the late Pleistocene beasts. 

In answering the question, “How far 
back in the past will radiocarbon dating 
take us?” our best estimate is about 
20.000 vears. using present instruments, 
Hf the instruments are refined further 
we may be able to reach back to 30.000 
vears. which would be the limit because 
of the small amount of activity. 


Preparation of Samples 


Although — the 
critical, preparation of samples figures 
Che chemi- 


instrumentation Is 


heavily into the end results. 
cal treatment necessary to assure radio- 
chemical purity of the carbon or carbon 
dioxide samples is vitally important. You 
can appreciate that the chemistry ts im- 
portant when you consider that’ the 
radium content of wood (in terms of 
radioactivity) varies over the range of 
one to one hundred times the carbon-14 
naturally 


content. Another source of 
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occurring radioactivity in organic ma- 
terial is the ever-present potassium. 
This too will average many times the 
carbon-14 activity. 

Basically, the sample is burned to 
carbon dioxide which Is further purified 
by chemical scrubbers and repeated dis- 
tillations in a vacuum system. After 
further chemical treatment the gas is 
either reduced to carbon or stored as a 
gas in small steel cylinders. One other 
precaution is always necessary in that 
the samples must be kept away from 
contact’ with air for any extended 
periods, because the air contains enough 
radon and thoron to contaminate the 
solid samples. It is necessary to main- 
tain the same precautions with instru- 
ment surfaces that are exposed to the 


counting volume. 


Other Applications 


At the present time practically all 
emphasis on the use of low-level tech- 
niques has been in the field of radio- 
carbon dating. Other applications are 
possible. 

For instance, the field of biology offers 
numerous applications. The usual traces 
experiment involves administering small 
amounts of radioactivity to the plant or 
animal subject. But a problem arises be- 
cause the plant or animal concerned is 
in reality quite a large reservoir of the 
actual element that has been labeled 
with radioactivity. (This is particularly 
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true of carbon.) Large amounts of the 
radioactive material must therefore be 
used if ordinary counting techniques are 
employed. This may be fatal to the sub- 
ject. Use of low-level counting apparatus 
would eliminate all such incidents. 

Another application involves ferti- 
lizers. They can be loaded with very 
small amounts of radioactive ingredi- 
ents, and the course of these tracers in 
plants can be followed with no danger 
to the scientists or innocent bystanders. 
Note that we can measure levels of 
activity well below those normally 
present, as radium and potassium, in 
living matter. The door is now open for 
biological tracer experiments on a grand 
scale without the use of potentially 
dangerous amounts of radioactivity. 

In the various fields of engineering 
there are probably many applications of 
these low-level techniques. Chemical 
and metallurgical engineers will be able 
to include very small amounts of radio- 
active isotopes during the production of 
chemicals or alloys and will be able to 
check the final product by measuring 
the activity. The amount of activity 
used will be well below those that would 
be dangerous to users of the material. 

\ large-scale experiment now possible 
is the determination of the exact size of 
oil and natural gas pools in the earth 
by isotopic dilution. A small amount of 
the appropriate compound tagged to high 
specific activity with carbon-14 injected 
into the pool will be diluted by the oil 
\ determination of the specific 


or gas. 


activity of the compound after mixing 


will give a good measure of the size of 
the oil or gas reservoir. 

Libby has used this apparatus in the 
successtul search for naturally occurring 
isotopes with such long half lives that 
they had been reported as stable by pre- 
vious investigators. This is the only sure 
way to identify such activities, but we 
must mention that this is a field that is 
A closely assoc iated 
field of research that mav well benefit 


nearly exhausted. 


by the use of low-level techniques is the 
production of radioactive isotopes in low 
yield by high-energy machines such as 
synechrotrons and bevatrons. It is a 
lamentable fact that as one increases the 
particle energy, one Is foreed to accept 
a smaller “particle” output. Quite pos- 
sibly low-level measurements will extend 
the useful results that can be obtained 
with high-energy particle accelerators. 

The future is indeed bright for low- 
level radioactivity techniques. Q 


SEPTEM 





AMPLIFICATION PROPERTIES AND SMALL POWER REQUIREMENTS OF TRANSISTORS MAKE THEM A NATURAL FOR USE IN MANY ELECTRONIC DEVICES 


Germanium Transistors 


A new field of electronics is being 
created by the transistor. a three-element 
control device that utilizes a small 
current to control a larger one. Unlike 
vacuum tubes, with which you are more 
familiar. transistors require no heated 
filament for their They're 


extremely small in size (above) and can 


operation, 


operate eflectively using powel supply 


voltages as low as a few tenths of a 


volt. 

Che transistor was born several years 
ago. It was discovered then that current 
through a “eat whisker” (or wire 
the term is borrowed from the erystal 


radio set of vour bovhood) in contact 


with a piece of germanium could be 


passing a smaller current 
whisker. 


voltage, current, and power 


changed b 


through another nearby cat 


In fact, 


By DR. JOHN S. SABY 


amplification could all be achieved with 


this simple device consisting only of a 
small germanium wafer and two pointed 
wires. Nevertheless the point contact 
transistor, as it is called, isn’t so simple 
as you might expect. Actually, it’s not 
vet as well understood as the P-N junc 
tion transistor i much more recent de- 


velopment 


Semiconductor Fundamentals 


lransistors are composed of semi- 


conductors. Semiconductors are neither 


good conductors—like metals, which 
have a large number of free electrons: 
nor good insulators—like quartz, in 
which 
tied up in interatomis 
atomic bonds of a substance are easily 


broken and a 


noticeable amount of 


virtually all the electrons are 


bonds. If the 


conduction occurs at room temperature, 
we call that substance a semiconductor 

Germanium, one of the most impor 
tant semiconductors, has four outet 
valence electrons om each atom. In 
the germanium diamond cubic erystal 
lattice shown on the next page, each 
atom is joined to its four nearest neigh 
bonds re 


atom. All 


four of the element's outer electrons 


hors by shared-pair atomic 
quiring four electrons pet 
are tied up by these bonds. Germanium 
would be an insulator except for one 
fact: these bonds are easily broken by 
thermal agitation—so that even at room 
temperature there is approximately one 


germanium atoms. Small as this number 


free electron for every” ten 


may seem, there are suflicient atoms in a 


tiny bit of germanium to enable it to 
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conduct heavy currents. Germanium 
therefore is not an insulator. 

Of greater importance than tempera- 
ture effects is conduction caused by im- 
purities in germanium. Atoms with five 
valence electrons such as phospho- 
rus, arsenic, and antimony-~-can enter 
the erystal-lattice in place of germanium 
Here four of the five electrons 
will enter the interatomic bonds, the 


fifth electron being bound by only the 


itoms. 


slight electric charge on the nucleus. 
At room thermal agita- 


tion is sufficient to free these extra 


temperature, 
electrons so that they can wander 
through the lattice and conduct elec- 
tricity. This is called N-type conduc- 
tion (N° for 


provide conduction electrons, the im- 


negative). Because they 
purities are called donors. 

On the other hand, atoms with only 
three valence electrons—such as boron, 
aluminum, gallium, and = indium—can 
also enter the lattice. Around each of 
these the locally 


ine omplete, forming a trap for one more 


structure will be 
electron. An electron from a nearby 
bond can then jump into this 


behind. 


trap, 
leaving a vacaney, or hole, 
Still another electron can migrate into 
the resulting vacancy, and so on with 
migration of 


the process. By actual 


electrons, the hole effectively wanders 
about the lattice and in so doing con 
This is called P-type 
conduction (P for positive) because the 


hehave like 


(thei apparent motton is ina direction 


duets electricity 


holes positive charg s 


electrons). 


opposite to that of the 


Impurities that can trap electrons are 
called acceptors, 


P-N Junction 


When conduction is principally by 
electrons, a called 
N type; when it’s principally by holes, 
it is called P type. However, N type 


and P type ean and do oecur in the same 


semiconductor is 


erystal. If they do, the junction  be- 
tween the N type and P type is called a 
P-N junction 

A P-N junction has the distinctive 
property that an electric current flows 
through it in one direction with ease 
but only with great difhieulty in’ the 


a P-N 


junction is a rectifier, and the mecha 


other direction. In other words. 


nism of its action is what has made 
possible the transistor. Fig. 1 is a 
diagrammatic sketch of a P-N junction. 

Referring to the figure, if the P 


region is made positive and the N region 
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IMPURITIES DETERMINE CONDUCTION THROUGH GERMANIUM’S DIAMOND CUBIC LATTICE 


negative, holes and electrons are driven 
toward each other and recombine. each 
electron filling up one hole. The voltage 
need be only enough to keep this cur 
rent going. This is the easy-flow, o1 
forward, direction. If the P-type region 
is rich in acceptors while the N-type 
region has relatively few donors (so 
that there are few conduction electrons). 
most of the current crossing the june- 
tion is in the form of holes injected 
into the N-type region 

If we next connect the junction in 
the opposite, or inverse polarity, the 
electrons and holes move away from 
each other. The region close to the 
junction therefore has its conduction 
electrons and holes removed, thereby 
becoming an insulator. Such a region 
is called the barrier layer. The term 
barrier may mislead you a bit if it con- 
jures up a mental image of a high wall 
or mountain in the path of the condue- 
tion charges. Actually the region is a 
temporary insulator only by virtue of 
the absence of holes and electrons. 


biased P-N 


however will conduct eleetricity in the 


An inversely junction 
inverse direction if carriers are intro- 
duced. One way to do this is to heat the 
germanium so that bonds are thet 


broken, 


electrons and holes. 


mally supplying conduction 
Another method is 
to shine light on the P-N junetion—the 
light quanta releasing conduction elec- 
holes. A 
photocells has come into being based 
on this phenomenon (refer to Dr. W. C. 


March 1952 


trons and whole family of 


Dunlap’s article in the 
Review). 


Transistor Operation 

Increasing the current through the bar- 
rier layer of a P-N junction can be ae- 
complished by injecting carriers through 
nearby P-N This 


leading directly to the transis- 


inother junction. 
proc Css, 
tor, is shown in Fig. 2A. Here there are 
two P-type regions separated by an 
N-type region, resulting in two P-N 
arranged back to back. If 
the right-hand junction, or collector. is 
then little 
current flows through the barrier region 


junctions 
biased with inverse polarity 
into the collector. At the same. time. 


left-hand 


forward 


passing current through the 
junction, or emitter, in’ the 
injected 


Some of 


direction causes holes to be 
into the N-type base region 
them will recombine with the available 
electrons, but many will diffuse across 
the base region and into the barrier 
laver. By virtue of these injected holes, 
the barrier layer ceases to be an insula- 
tor, and current flows as the positive 
attracted 
tively biased collector. As vou ean see, 


holes are toward the nega- 
a change in emitter current produces a 
change in the collector current. 

A transistor of this type is called a 
P-N-P transistor because of the order 
of the ingredients in its) germanium 
sandwich. The so-called N-P-N transistor 
works in an analogous manner as shown 
by Fig. 2B. Here vou'll note that the 
bias polarities are reversed. The reason 
is that the N-P-N emitter injects elec- 
trons that travel through the P-type 
base and are collected by the positively 
biased collector. Presence of both types 


of transistors in the same circuit gives 
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rise to a rich variety of possible applica- 
tions. This situation is comparable to 
the imaginary state of affairs that would 
exist if vacuum tubes were also available 
to operate with negative plate-voltage 

with 


in addition to present operation 


positive plate voltage. 


Junction vs Point Contact 
Next, let’s 


transistor with the point-contact tran- 


compare the junction 
sistor mentioned earlier. In both cases, 
as shown in Fig. 3, the emitter injects 
holes into an N-type base; and in both 
cases, holes are collected by a nega- 
The point-con- 
colleets 


however. It 


tively biased collector. 


tact transistor usually more 


than were emitted, 


has a physical multiplying mechanism 
| | 


holes 


understood) resulting 
That is, the 


(only partially 
in current amplification 
current amplification factor 
Although this sort of 


amplification is an advantage in switch- 


greater than unity 


ing-cireuits, such as used in computers, 
it often leads to instability in amplifier 
circuits of the hearing-aid variety. At 
present, point-contact devices are usable 
than 


at higher junction 


rhey’re noisier than the junce- 


frequencies 


dev ices. 
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P-N JUNCTION IN GERMANIUM CRYSTAL IS A RECTIFIER 


X= 0.95 


COMPARISON OF TWO KINDS OF TRANSISTOR OPERATION 


EMITTER 


P-N~-P TRANSISTOR 


FIG. 2. 


0.95 ma. 
aed 


P-—N JUNCTION (P-N—P) 


tion transistor however and are limited to 
uses requiring re latively small currents. 

High current gain can be ac hieved in 
a junction transistor if alpha is close 


The base 


ind to apply the signal 


to unity, as shown in Fig. 4. 
current is small 
to the 


shown. Characteristics 


transistor tit s connected as 
of this transistor 
(alpha is 0.95) are identical to those of 
Fig. 3. But by 


emittet 


using the grounded- 


connection shown, a current 
amplification of 19 is attained with the 
same voltage gain as before. I alpha 
is 0.99, the current amplification be- 
Obviously 


unity are desirable. 


comes 99 then, values of 


alpha ( lose to 


Diffused Junction 


Production of transistors always de- 


pends on the formation of P-N june- 


l Electric in 1951 
and is nou wage l in re search and 
nsistors in the Elec 


klectronics Park 


Dr. Saby 


development 
tronics Di 
Syracuse. He 
papers on transi 
of the IRE Prof 
tronic Device 


author of several 
s and is secretary 


i Group on Elec- 


-——- ee eee 


N—-P—N TRANSISTOR 


TRANSISTOR COMPRISES TWO ADJACENT P-N JUNCTIONS 


0.95 ma. 
oe 


FIG. 4. JUNCTION TRANSISTOR UTILIZES SMALL BASE CURRENT 


tions, We've developed a process for 
producing P-N junctions at will, whereby 
donor and acceptor impurities are dif- 
fused into the germanium. This process 
has been further studied and utilized 
for the fabrication of 


rectifiers (for a description of produe- 


transistors and 


see Trindel 
J. Ferguson’s article in the July 1952 
Review). Two P-N junctions are created 
back to back on 
single crystal-slab of germanium, result- 
P-N-P or N-P-N 
comprising a diffused junetion transis: 
tor. Results used in this article, by the 


tion germanium rectihers 


opposite faces of a 


ing in a sandwich 


way, were obtained mainly with diffused 
junction P-N-P transistors. 


Flea Power 


For many electronic applications 
such as the tiny pulses required to 
transfer information within a computer, 
or the preliminary amplifier cireuits of 
a radio—only “flea power” is required 
for the signal itself. The useful signal 
power may be of the order of micro- 
watts. (A microwatt, incidentally, is the 
power generated by a flea weighing one 
milligram and jumping 20 inches high 


every 5 seconds.) On the other hand, a 
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TRANSISTOR MEGAPHONE AMPLIFIES NORMAL 


vacuum tube can’t effectively amplify 
unless it is consuming a few milliwatts 
from its plate power supply. In addi- 
tion, from 20 milliwatts to several watts 
are required to heat its filament. Yet, 
the junction transistor actually operates 


supply that 


efficiently with a power 


provides only a few microamperes of 
current at a few tenths of a volt 
literally a flea-power requirement! 

This difference may represent only a 
small power saving for each tube the 
transistor replaces; nevertheless it’s vital 
to reduce the weight and expense ol 


the power supply, as in hearing aids. 


Smaller power consumption also per- 


mits smaller size electronic gear be- 
cause there’s less heat to get rid of. 
For example, components of 


the average radio could be packed into 


present 


a much smaller space except that the 
concentrated heat from the tubes would 
cause damage. This same situation exists 
to an even greater degree in large com- 
plicated electronic gear, such as com- 
where 


puters or airborne equipment, 


reduction in size is an important goal 


Reliability 


An electroni 
good operating condition will remain 
until the first’ part fails. 


circuit originally in 


usable only 
The greater the number of parts, the 
shorter the interval between failures. 
Reliability of the system as a whole is 
therefore poorer than that of its indi- 
vidual components: and becomes  pro- 
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VOICE TO CHEERLEADER’S YELL 


gressively poorer as the number of 


components iereases, An ordinary 


home radio—an extremely reliable de- 
vice—can be expec ted to operate many 
hundreds of hours between tube failures 
because the individual tubes have prob- 
thousand hours. 


requiring 


able lives of a few 
But an electronic 
thousands of these same tubes would 
minutes 


computet 


probably operate only a few 


between interruptions 


tube failures. Accordingly, components 
of extreme reliability are essential to 
complicated systems, and it’s of utmost 
significance that transistors contain 
nothing that will wear out. Transistors 
properly protected from the effects of 


have a_ potentially 


dirt and humidity 


infinite life. 


Power Transistor 


lransistors are not limited, however, 
to operation at low powel levels. Sue- 
cessful higher-powered operation at the 
audio frequencies is achieved with in- 
several 


dissipation — of 


ternal power! 


watts. There's no theoretical upper 
limit to the power level that transistors 
can hope to reach, but there are prac- 
tical considerations to contend with. 
One of these concerns the behavior 
of junctions at high 


where the holes and electrons liberated 


temperatures, 


by thermal agitation cause large cur- 
rents to flow that aren't subject to con- 
trol by the emitter. This thermal leakage 
current in turn produces more heat 


RADIO TRANSMITTER IS DEMONSTRATED BY AUTHOR 


that must be removed. Power transistors 


must therefore be cooled, and the 
effectiveness of the cooling system sets 
a practical limitation upon the upper 
limit of the power level. For example, 
a junction transistor that would safely 
dissipate one-half watt in the open air 
at room temperature could be operated 
at one watt if air-cooled—and perhaps 
five watts if cooled by running water. 
On the other hand, if it were embedded 
in a large block of plastic, it might only 
operate safely at approximately one- 
half of its open-air rating. It now  be- 
comes apparent that the power transis- 
tor must be packaged in a form large 
enough to dissipate its rated power 
and the final package may be much 
larger than the transistor itself. 
Iransistors assembled in sealed en- 
velopes the size of radio tubes were so 
constructed that, when used in audio 
amplifiers, they delivered outputs in 
excess of one watt with low distortion. 
This is merely a preliminary result but, 
like the transistor megaphone (above), 
serves to illustrate developmental re- 


sults. 


Frequency Response 


rhe junction transistor has full gain 
at the audio frequencies but in its 
present state of development can oper- 
ate with usable gain as high as a few 
transistors 


megacycles. Point-eontact 


operate at frequencies approximately 


10 times as high, and operation above 


CONTINUED ON PAGE 60 
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REINFORCED END WINDINGS AND UNIQUE SUPPORTING STRUCTURE CHARACTERIZE THE WORLD'S LARGEST SHORT-CIRCUIT GENERATORS 


echnical Highlights of the Switchgear Laboratory 


Following our picture coverage of the 
new switchgear development laboratory 
in Philadelphia in the July issue of the 
REVIEW, we present several articles on 
technical features of the laboratory by 
closely associated 


engineers who were 


with designing the equipment—Epirors 


SHORT-CIRCUIT GENERATORS 


By C. E. KILBOURNE and DEAN HARRINGTON 


[wo generators installed at the new 


switchgear development laboratory are 
the largest short-circuit testing machines 
in the world. A stator for one of them is 
shown above 


Chey are designed to 


short-circuit current necessary for test 


furnish the 


ing circuit interrupters and developing 
large power-switching equipment. Alone, 
it least 1,625,000 sym- 


each will supply 


metrical rms kva (2,665,000 asymmet- 


rical) at the terminals during 
the first half-eve of 
sin the bus runs, 


deliver 3.200.000 


neratlotr 
short circuit. 
Exclusive of po 
together the 
svmmetrical rms (5.250.000 asvm 
metrical) to the t cells—-this in the 
first quarter-« eration, and at 
a three-phas tage of 15.500 volts 
Thev have | T ‘ equivalent to a 
}-pole [800-rpm cle machine nom 
inally rated 12.5 

New and ntere ng features were 
incorporated rs, rotors, and 
mechanical supporting members. For 


instances methods used for 


blocking the d 


sary to prevent the listortion that 


vVindings were neces 


lt from tremendous 


short 


would otherwis« 
magnetic lores created by the 
circuit) current Note in the illustra- 
tion that after 
the stator core the " 


cased in helical it blocking rings 


irmature bars leave 


‘ complete ly en 


giving them firm support right up to the 
loop connections. Circuit connections, 
too, are heavily supported by insulated 
steel brackets bolted to the end anges. 

Shocks associated with short-circuit 
testing had to be minimized. They are 
comparable to those resulting from the 
firing of a large naval gun. Ordinary 
spring mounting wouldn't do because 
the problem was complicated by the wide 
frequency range (25 to 60 cyeles--each 
range of frequencies producing its own 
special problems) necessary for the test- 
ing schedule. And so an entirely new 


kind of 
signed. In the lower lett part of the illus- 


supporting structure was de- 


tration a number of spring-plate ussem- 
blies are visible They are legs (projec \- 
ing at a 45-degree angle) upon which the 
stator rests. They point toward the 
center of the rotor shaft and hold the 
alignment with the 


torsional shock of a 


stator in’ pertect 


rotor. When the 
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rene 


SPECIAL TRANSFORMER WITHSTANDS 2800 
short cireuit occurs, the legs bend as 
huge leaf-springs and allow the stator 
to move through a small angle 

Iwo trunnions on each side of the 
stator carry no weight but move freely 
with the angular movement of the sta- 
tor. During a 60-cvele short-circuit test 
vibration, is 


their total movement, o1 


almost *x inch, and during a 25-evel 
test it is l'4 inches. This is the largest 
known movement of such a mass undet 
short-circuit conditions. [ts very ampli- 
tude expends the forces and materially 
decreases the shock on the foundation, 
as well as on the stator parts them- 
selves. 

For operation at 8 to 12 evcles how- 
ever, the movement of the stator is 
bloc ked by 
between the trunnions and their sup 
At these low 


torque reversals are much slower; 


inserting snubbing plates 
ports. frequencies the 
con- 
sequently, the impact effect is reduced. 

Armature windings of each machine 
have two circuits brought out to separate 


With this 


choice of fo ur three-phase voltages is 


terminals. arrangement, a 


available: for the wye connection, 


eithet 15.5000 or 7750 «volts: for the 
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TONS RADIAL FORCE 


SS Se ae 


1475 volts. 


terminal of the wye 


delta connection, 8950. or 
Grounding one 
connection raises the voltage of the 
other two to 15.500 volts above ground. 
insulated 


The windings are therefore 


for the latter voltage. This requirement 
places them in the 26,500-volt insula- 
tion class—the highest of such machines 
built in America. 

influenced the 
First 


of course was the rugged-duty evele they 


Three factors greatly 
physical size of the generators. 
must endure. Second, the slow decre 
ment, or dropping off, of the short- 
circuit current——at the end of five elee- 
trical cyeles the current has approxi- 
mately 75 percent of its initial value. 
Third, maintenance of voltage on tested 
equipment over a four-hour period 
the generator fields must be kept  par- 
As for their duty 


eveles, they are required to undergo 15 


tially excited for this. 
full-power shorts of 5 electrical evcles 
duration in one hour. To conduct tests 
at this rate full field exeitation must be 
applied for approximately 15 minutes of 
every hour. 

Dissipating the heat at full and _re- 


duced speeds dictated totally enclosed 


SYNCHRONOUS CLOSING OCCURS WITHIN 25 MICROSECONDS 


self-cooled 


units. A 


machine isn’t feasible because at lower 


blower-ventilated 


speeds the rotor fan does not move an 
adequate amount of air. Economy in 
the construction of the enclosing fea- 
tures favored the use of air as the « ooling 
medium. 

their 


physieal size is that at the date of ship- 


Perhaps more indicative — of 
ment they established a new record as 
the heaviest single part shipped from 
the Turbine Division in Schenectady. 


When loaded onto flat cars, 


weighed in excess of 200 tons. 


each stator 


HIGH-VOLTAGE TRANSFORMERS 


By B. A. COGBILL 


\ normal power transformer in its 
entire lifetime may receive but a few 
circuits. Yet each of 


(above 


accidental short 
the high-voltage transformers 
left) will be deliberately short-circuited 
thousands of times a yvear—and at a 


point on the voltage wave calculated 
to give the maximum offset or asym- 
metrical current. 

Iwenty-eight hundred tons of radial 


force is constrained within each of the 





two custom-built units. This force is 
caused by the interaction of the mag- 
netic fields of the high- and low-voltage 
windings produced during short. cir- 
cuits. Its effect is to collapse the inner 
low-voltage coils and burst the outer 
high-voltage coils. To resist it, the cus- 
tomary inside insulating evlinder around 
which the low-voltage winding is wrapped 
is replaced by an insulated steel cylinder. 


Another 


the design was the reaction of the core 


of the problems involved in 


to the mechanical forces it) incurs 


during repeated short circuits. For this 


purpose a number of core and coils 


structures of reduced size were built. 
These 
application of increasingly higher short- 
Iwo of the structures 
as large as a 5000-kva 


were tested to destruction by 


circuit currents, 
were physically 
power transformer. 

Weighing in at 246 tons apiece, the 
transtormers are operated 
to ob- 


high-voltage 
singly, in series, or in parallel 
tain the wide range of voltages used in 
the high-voltage test yard. Low-voltage 
primary connections are made to four 
bushings mounted on the sidewall of 


Leads fot 


connections pass 


each unit the high-voltage 


secondar\ through 
six high-voltage bushings mounted on 
Although 


formed in the yard are 
three-phase tests can be run with the 


the cover most tests per- 


single phase, 


two units connected in open delta. At 
some future date a third unit can be 
installed to make a complete three-phase 
bank. (For an installation view see p. II, 
July 1952 Review.) 

Heat resulting from powel losses in 
significant: duty 


eveles ef the transformers are of short 


the windings is not 


duration with comparatively long inter- 
vals in between. It’s because of this that 
radiators are not required, which ac- 
singular external appear- 
Absence of 


the radiators makes their physical size 


counts for the 
ance of the transformers. 
Even so, they measure 
ind 36 feet high 


transformer was disassembled 


a bit deceptive 
24 by 17 feet wick 

Each 
for shipment to the laboratory. The 
transformer tank was shipped in two 


parts on sepal ite flat cars. 


SYNCHRONOUS CLOSING SWITCHES 
and BACK-UP PROTECTION 


By E. J. CASEY 


Predicting the magnitude of the short- 
circuit kilovolt-amperes developed in a 


knowing at what point 


test requires 


on tne generated voltage wave the cir- 
cuit will be closed. For by manipulating 
this point, o1 ingle of closing, the dis- 
placement of the current wave is deter- 
mined and this, together with accurately 
svnchronized tripping of the test breaker, 
controls the preparation and waiting 
times of the test breaker 

lo accomplish these things synchro- 
nous closing switches of the kind shown 
on page 26 are used at the laboratory. 
Its principal feature is the extreme 


accuracy with which its contacts can 


be closed. 


with the synchronized drum timer and 


Operating m= conjunction 


electronic cyele-splitting timers in the 
control building, it can close the circuit 
at any point on the test voltage wave to 


within three electrical degrees. It’s 
capable of withstanding the rated voltage 
of the station while in the open position, 


and has a minimum of prestrike, ot 


arcing, before the contacts make. The 
switch is capable of closing a 15,500-volt 
circuit in which a momentary current 
as high as 270,000 amp may flow 

The design chosen for this switeh is 
primarily a tubular contact rod engaging 
a cylindrical cluster of fingers. This en- 
tire arrangement is mounted in a evlin- 
drical chamber and maintained under a 
250-psi pressure while in the open posi- 
tion (pressure increases the dielectric 
strength of air). The operating mecha- 
nism is pneumatically opened and spring 
closed. \ 
holds the switeh in 


against the force of the closing springs. 


magnetic-flux shifting latch 
the open position 
Protecting the generators and provid- 
ing back-up protection for the cireuit 
breakers under test are protective. cir- 
cuit: breakers 
should fail, damage to the generators 


If the apparatus on test 
and other station equipment is pre- 
vented, and damage to the apparatus on 
test is minimized 

Owing to the irge capacity of the 
laboratory, cireuit breakers with an 
interrupting capacity greater than any 
existing at lo.oJO volts were needed. 
At this voltage they should be capable 
of safely interrupting 3.500.000 kva 
Pney should have a maximum inter 
rupting rating of 170,000 amp, and a 
momentary rating to withstand a current 
inrush cf 270,000 amp 

With inese features in mind, station 
tvpe air-blast circuit breakers of an 
extended rating were selected for the job. 
Their insulation level is Commensurate 
with that of the 


15,500 volts. They've been tested satis- 


generator winding 


factorily to the limit of the capacity 
they will protect, and are designed with 
an ample margin of safety. Contact 
replacement won't be necessary until 
after many months of service. 

lhey re mounted in a plug-in arrange 
ment of single-pole units that are com- 


pletely interchangeable. 


HIGH-CURRENT BUS 


By E, M. TROISCHT 


The high-current bus is the connect- 
ing link 
single-phase transformers and test cell 
Number 5. 


tions for each leg of the three-phase 


between three low-voltage 


Going and return conneec- 


circuit’ are carried throughout — the 
length of the bus: final connections 
being made at the test cell. Each pei 
of bars carries the maximum output of a 
transformer, 124,000 amp, both ways 
under certain conditions, An arrange- 
ment of this sort provides flexibility and 
helps minimize single-phase reactance 
(the magnetic fields about the conduc 
tors tend to cancel each other). 

Forces approaching three tons pet 
foot of copper are set up because of the 
close spacing of the bars. Resisting 
them are four-inch aluminum H-beams 
that run the entire length of the bus. 
clamped in place at frequent intervals 
with heavy nonmagnetic clamps. 

rhe bus is interleaved and insulated 
with 'y-inch strips of flameproof  in- 
sulation that 
well as electrical protection. Interleaving 


provide mechanical as 


throughout the length of the bus neces- 
different 
levels in the transformer room and at 


sitated carrying the bus at 


the test cell. Elevation changes were 
made by means of splices at right angles 
to the bus. The forees set up in these 
corners——more than double those in the 
unspliced portion-—are restrained by 


heavy channel supports. Q 


Wr. Kilbourne is Electrical kngineer of the 
kngineering dD partment of the Turbine Divi 
sion, Schenectady. Mr 
Generator Engineering Section of the Turbine 
Division. Mr. Coghill responsible for the devel 


Harrington is in. the 


pment of large power transformers is uth 
Transformer and Allied Products Division, 
Pittstield. Mr. Casey is assistant unit engineer 
Power Circuit Breaker Section of the Switchgea 
Department at Philadelphia, Mr. Troischt, alsi 
at Philade Lphia, is section engineer in charge of 
design and development in the Panel and 
Kquipment Section of the Switchgear D part 


ment, 
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Diffusion of Gases Through Solids 


If youre a designer of experimental 
equipment there are certain) combina- 
tions of materials and gases that you 
would avoid-—helium with fused silica. 
and hydrogen with iron, are two. If they 


are used, there ll be diffusion of the gas 


through the solid even though your 


equipment ts operating at room tempera- 
leak. And for work 


involving high-vacuum techniques it's 


ture and doesnt 


essential that vou know exactly the rates 
of permeation of many combinations of 


fases and solids 


Permeation and Diffusion 


tion and diffusion 


a difference between permea- 


¢ Permeation is the over-all process for 


the transfer of gas from the high- 
pressure side, through a membrane, and 
out the low-pressure side. 
e Diffusion is the process inside the 
solid membrane by which the gas atoms 
are moved along through the solid. 
Diffusion is only one stage in the 
over-all: permeation process as shown 


by this diagram 


The gas hits the surface and is ab- 
fas asurface laver. With high 


gas pressures this may be more than 


sorbed at 


monomolecular. Then the gas dissolves 
solid at’ 


there is a vacuum on the other side, 


in the body of the Because 


the dissolved material diffuses down the 
concentration gradient to Don the low- 
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By DR. FRANCIS J. NORTON 


side. It then emerges, is 


desorbed, and enters the vacuum space. 


pressure 


Permeation Equation 


At constant 
material q 


temperature, the total 
amount of permeating a 
membrane is given by 
q= KAP, — Po) /d 

where A= permeation velocity constant 

!=area of membrane exposed 

l time 

P,=gas pressure on high side 

P,=ygas pressure on low side 

d=thickness of membrane 

Phis equation holds for glasses and 
polymers. For metals there is generally 
dissociation of the gas molecule on 
adsorption and passage of the gas as 
atoms (or ions) through the solid. This 
leads to a different pressure dependence 
for diatomic gases and the equation be- 
comes 
q A fi(y Pi-y P.)/d 
rhe equation relating the permeation 


constant A to the temperature is 


KeAte * 


where 4 is a constant, Ris the as 
constant, 7 is the absolute temperature 
(degrees C + 273), and QV is the heat of 
activation or energy ol the permeation 
process. From this equation it is evident 
that a plot of log A against 1/7 will give 
a straight line whose slope is  propor- 


tional to Q, 


Some Considerations 


One general statement concerning 
the permeation rates through solids is 
that increase in temperature tereases 
the rate exponentially. A’ few specific 
statements of mterest are 

@ Helium diffuses readily through poly- 
mers and glass, especially fused. silica, 
but not at all through crystalline siliea 


or quartz, 


Dr. Norton is a Research Associate 
Chemistry Research 
General Electrics Research Laboratory 
at the Knolls, Schenectady. He is work 


ing in the field of physical chemistry 


Department in 


and applications of mass spectrometry 
fo many chemical proble ns analysis. 


and diffusion 


chemteal reacttons 


e Helium and the rare gases do not 


diffuse through any metal. Hydrogen 
goes readily through palladium, iron, 
and other metals, and will also permeate 
glass and polymers. 

e Nitrogen will permeate steel but not 
copper. [ts rate through glass is ex- 
ceedingly low. 

e All of the rare gases will permeate 
polymers. There are some specific cases, 
as natural rubber and carbon dioxide, 
where the permeation rate 1s large. 
e Helium and neon will permeate glass, 
but heavier rare gases will not. 

e Oxygen permeates silver relatively 
rapidly, 

In all of these statements the words 
‘do not permeate” mean that we are not 
able to measure permeation by our now: 
known methods. 

It is also evident that, except for 
palladium, metals and glass are less 
permeable than are polymers, keeping 
the specific exceptions for helium and 
hydrogen in mind, 

The assembled data on permeation are 
shown at the right. The lower limits to 
our ability to measure permeation, using 


the mass detection 


spec trometer as 
equipment and measuring means, are 
values of A’ of about LO 

\ simple and direct observation of the 
effects of helium diffusion through glass 
at room temperature (25 C or 77 F) ean 
be made. Its done by measuring the 
rate of loss of liquid nitrogen from a 


small silvered vacuum Dewar vessel 


after various periods of standing in 
helium gas. The particular Dewar on 
which we ran the experiment was mad 
of chemical pyrex glass (Corning 7740). 
lhe initial rate of loss of liquid nitrogen 
from this Dewar, standing in air at 25 C. 
was 26 grams per hour. The flask then 
was placed in one atmosphere of helium 
at 25 C and the rate of liquid nitrogen 
loss was measured at intervals. Aftes 
two days, loss started to go up, ai d after 
12 days in helium, the loss rate was 
grams of liquid nitrogen per hour. 
fore any helium exposure this Dewar 
had maintained its loss rate of 26 grams 
per hour over several weeks. 

The plot of loss rate against days 
in helium (right) shows it takes a few 
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RATE OF PERMEATION of gas through solids. Units for permeation constant K’ are cubic centimeter of gas (at normal temper- 
ature and pressure)per second per square centimeter of area per millimeter thickness per one atmosphere partial pressure difference 


RATE OF LOSS OF LIQUID NITROGEN FROM DEWAR VACUUM FLASK RIGHT FLASK SHOWS INCREASED RATE OF LIQUID NITROGEN LOSS 
ning. 7150 at 25 Gis 83 xX Ie, several days. The latter shows the in- 


days to saturate the glass, after which 
Each of the two unsilvered Dewars creased rate of liquid nitrogen lost, 


the permeation of helium into the vae- 
shown above contain liquid nitrogen. accompanied by cooling and frosting of 


uum space occurs. This spoils the De- 
The one on the left is normal, while the the outer wall of this now nonvacuum 


war as a vacuum container. The value 
of the permeation velocity A’ for Cor- right-hand one has been in helium for Dewar flask. Q 
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How to Select a Job 


By MAYNARD M. BORING 


@ By applying the engineering principles of analysis and 
solution to this problem, the engineering graduate can wisely 


arrive at a final decision 


®@ Considerations include advantages offered by training 
programs, job location and working conditions, recreational 
opportunities, the community, and associates 


One of the most important decisions 
in a college man’s life is often made in 
his senior year. For that’s the time 
when most college men decide what 
their future is going to be. That’s when 
they make up their mind where to go 
to work after graduation. 

Unfortunately, a large number of 
confused about this, 


don't 


college men are 
even after graduation. They 
know what type of engineering activity 
they should follow. And their confusion 
may continue for some time after they ve 
made their choice of jobs. As evidence 


of this, most of the engineers who be- 


come established in industry have later 
changed their activities; few of them 
actually follow with any exactness the 
plans they had when they graduated. 
Some of the fault for this may lie 
in the college course itself. Basically, 
an engineering education is usually 
designed to train the graduate to be a 
design engineer, a development engi- 
neer, or a research engineer. Yet many 
graduates don’t want to be limited to 


these fields; perhaps, they want to try 
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a job which uses their engineering edu- 
cation only indirectly, rather than on a 
full-time basis. 

There’s some merit in that viewpoint. 
Furthermore, engineering is a_ living 
growing thing. [ts constantly develop- 
ing, and new opportunities are continu. 
ally being created that may turn out to 
be very attractive. And those 


tunities just didn’t exist at the time of 


oppor- 


graduation. 

There’s still another reason why it 
may not always be the best plan to go 
into business with the fixed idea of be- 
coming a specific type of engineer. 
Many fields of engineering are so inter- 
related that it’s vital to have contact 
with many or all of them. 

Fortunately, this situation does not 
necessarily mean that the engineering 
graduate must be baflled by a dilemma. 
Its one of those rare occasions where 
one can, indeed, have things both ways. 
The graduate who has training for a 
specific type of engineering doesn't 
necessarily have to restrict his activities 
to one phase. He can defer his decision. 

The solution lies in the training pro- 
grams, especially designed for college 
graduates, which are offered by many 
prospective employers these days. (See 
“Development of Engineering Leader- 


Vr. Boring came to General Electric and 
joined the Test 1916, 
Throughout his career his foremost con- 
cern has been the education, training, 


Program in 


and development of the young engineer. 
{s Manager. Technical Personnel Devel- 
opment Services Department, Schenee- 
tady, he directs these activities. He is 
Vice President in charge of Sections, 
The American Society for Engineering 


Education, 


ship,” Review, May 1952.) Most engi- 
neering seniors hear about these train- 
ing programs from the representatives 
of business who offer them jobs. But 
there appears to be some confusion 
about the real meaning of these pro- 
grams. 

The typical training program is de- 
signed to lay a foundation for business 
that will enable the trainee to become 
acquainted with all the facets of his 
employer's operations and to take his 
time about deciding just what fields of 
operations he wants to settle on. Thus 
it operates to the advantage of both 
the trainee and the employer: the 
trainee will ultimately be of much more 
value to his company if he has a good 
all-round foundation training and knows 
the ropes. 

Here are some of the things that such 
a training program should do for the 


engineering graduate 


e Teach him where to find others who 
can help him move onward and upward 


in the organization. 


e Teach him something of the basic 
operating procedures of his company. 
Such 


value in business today, although many 


information is of considerable 
young men entering business do not 


realize it. 


e Teach him to be co-operative: that 
there is no place in modern business for 
the lone worker. In his association with 
other engineers of his own age, he will 
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that there are no feiuces 


erected, but rather that there is a con- 


dis over 


stant interchange of information among 


professional people. 


¢ Help him to form early friendships 
with people who are going to follow 
different than his 
such early friendships can be of vital 


activities own, and 
importance to a young engineer who is 


getting started in business. 


formalize some of 


both 


tical standpoint and that of the class- 


e Short-cut and 


his basie problems, from a prac- 


room. 


e Shorten his path to a responsible 


position, 


than a 


field of 


e Broaden him much more 


specu assignment in one 


activity would do. 


the field 


intimate and educated 


e Enable him to look over 
on a much more 
than he have done as a 


basis could 


senior. 


e Permit him to try by actual ex- 


perience different types of activity to 


determine where he fits best. 


e Provide guidance and an oppor- 
tunity for learning that he just couldn't 


vet in college 


rhese are just some of the advantages 
which a training program can offer an 
engineering graduate about to enter a 
business career. Thus it is obvious that 
the company with such a program has 
more to offer the college senior than 
a company without one. 


But the 


training program is not the only thing 


presence or absence of a 
which the graduating engineer should 
take into consideration in making his 
decision about what job to take. There 
are a number of other things he should 
think about, some of them more or less 
not .so_ readily 


obvious and others 


apparent. For example 


The engineering graduate should take 
into consideratioa even such things as 
the recreational opportunities available 
in his prospective working location. 
After all, he’s going to be in industry a 
long time, and he’s going to live a 24- 
hour day, not just an 8-hour one. 


Granting the validity of the preced- 
ing paragraph, we must also grant that 
the location can affect the graduate’s 
ultimate happiness in other ways. I 
he expects to find his recreation largely 
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in the theater, clubs, or similar 
activities, he probably should select a 
job that would lead to a large city. On 
the other hand, if he feels that outdoor 
sports are important in his life, a job 
in a smaller community would probably 


fat his needs best 


whether his fu- 
have ade- 


He should consider 
ture home community will 
quate educational advantages, both for 
himself and for the children he expects 


to have. 


Will the 


permit his 


community of his choice 
issociation with people of 
or will he be 


his own basic interests, 


isolated there 


is an engineer? 


Will it allow him to develop his pro- 


fessional interests? 


Will it provide him with a common 
ground for the type of social life he 
prelers? 

His satisfaction with his job may be 
considerably influenced by the type of 
business his employer is engaged in. 


It may be whether he 


foes 


important 


with a manufacturer of highly technical 
devices or with one which makes stand- 
ard devices. 

Will the company he works for pro- 
vide ample opportunity for a long-time 
career? He should investigate to make 
sure it is not one that will go to pieces 


rapidly under normal peacetime condi- 


lions. 


He may be attracted by an offer from 
a company abnormally high 
starting rate of pay. Under such condi- 
tions, he should ask himself: Why does 


this company pay more than others? 


' 
with an 


Will the community of his choice be 
a healthful one? He should 
for example, whether he is 
affected by trouble or 


consider : 
seriously 


sinus other 


respiratory afflictions and determine 
whether the community in question is 
good or bad for such sufferers. 


If he is not already married, as many 
college seniors are these days, he'll 


probably be getting married not too long 
after graduation. Will the environment, 
location, and climatic conditions be 
congenial or healthful for his wife? It 
probably goes without saying that it is 
vitally important for the 
live a happy and normal life. She needs 
to satisfy her need for a full, well- 
rounded life with ample opportunity for 
growth. 


wife also to 


The expense of living is particularly 
important for young men who are start- 
household of their own. So it 
well to inquire into living 


ing a 
would be 
costs. 

\ very important consideration is the 
type of people with whom you'll asso- 
ciate. It is just as true in industry as it 
is in college that each of us has a 
peculiar make-up that is largely con- 
trolled by the type of people with whom 
we work. So perhaps it would be well 
to get acquainted with some of the 
representatives of the organization you 
are considering working for, to see if 
thev’re the kind of people you feel 
would be attractive to you, 

rhere are, of course, many other 
factors that should be given serious 
consideration in the selection of a job. 
rhe engineering graduate should think 
well. He should try to 


match his own personal qualities with 


carefully and 


the organization he has in mind. He 
should think of the future and long- 
time opportunities rather than just flip 
a coin to make up his mind. It’s sur- 
prising how many do just that, 

In other words, the 
graduate should solve the problem in 
engineering fashion. He 
the principles of analysis and 


engineering 
true should 
apply 
solution which he has been taught. If 
he does that, he should have no later 
regrets, and his future growth will be 


assured. Q 
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68) ENGINEERING REPORTS: — 


/ 
Cae 
NEW ENGINEERING LABORATORY —making possible compre- 
hensive tests on a scale never before possible-—enables G-E 


~ ef 


off major switchgear developments. Designed to keep pace with 
industry’s increasing use of electric power, it has ten times the 


engineers to make faster, more searching studies, clip months capacity of America’s first such installation, built by G.E. in 1921. 


Billion-watt explosions improve 


FLASH in one of five test cells re- SMOKE emerges, while results of the test 3 OBSERVERS emerge from observa- 
sults from deliberately testing a are automatically measured, recorded on tion booth facing test cells to 
circuit breaker to destruction. Board at film, and quickly made available for examination inspect damage. Photos are from shatter- 
right indicates conditions of the test. by our General Electric development engineers. proof windows in the control building. 





a 
ad 


DEDICATION CEREMONIES included a dramatic demonstration of what happens 
when the interrupting capacity of switchgear is inadequate. Closed-circuit tele- 
vision equipment was effectively used to take opening-day visitors behind the 
scenes and to brief them on the nature and significance of tests they witnessed. 


r 


AFTER DEMONSTRATION, visitors get a close-up 
view of damage done in test they have just ob- 
served. This 15-kv oil circuit breaker was tested 
at far above its 90,000-kva interrupting rating. 


cam s» a 


i 
NERVE CENTER of new lab is this benchboard in 
the control building. Here, operators set generator 
output, then start automatic sequence sending up 
to 5,250,000 kva through equipment under test. 


tomorrow's power equipment 


New Switchgear Development Laboratory helps G-E engineers 
design higher-capacity apparatus for industry’s growth 


Increased mechanization and growing industrial capacity have caused 


America’s use of electric power to skyrocket. Acting now -to help de 
sign the power-handling equipment you'll need tomorrow--General 
Electric has built the new Switchgear Development Laboratory in Phil- 
adelphia. Facilities at this new lab~-largest of its kind in the world 
make it possible to test switchgear under tomorrow’s operating condi 
tions. Here, new designs are subjected to extreme power surges, even 
tested to destruction, to prove their reliability 

You'll get these specific benefits from switchgear developed at the new 
lab: (1) greater continuity of power service in your plant, (2) better pro 
tection for your equipment and greater safety for your personnel, (3) 
lower original cost per unit of power handled, and (4) reduced mainte 
nance expense. 

This new laboratory and other G-E engineering facilities work for 
you when you specify “G.E.”’ for electric apparatus. And where high 
quality system engineering is required, G-E application engineers will 
draw on this engineering leadership in working with you and your con 
sultants. Contact your local G-E Apparatus Sales Office -early in the 
planning. General Electric Company, Schenectady 5, New York. 672-54 


G-E ENGINEERS V. L. Cox, Manager—Engineering, 
Switchgear Dept. (right), and R. L. Williams, in 
charge of new lab, examine still-wet oscillograph 
films of test only two minutes after it was begun. 


Engineering Leadership gives you better electrical systems from— 
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ENGINEERING SOCIETIES OF AMERICA 


FIRST OF A SERIES 


AMERICAN SOCIETY OF CIVIL ENGINEERS 


Since early in tne life of the North 
American colonies there has been great 
interest in this country in new develop- 
ments in engineering. Even the Con- 
tinental Army of General George Wash- 
ington included topographic engineers. 
And courses in military engineering 
were taught at the U. S. Military 
Academy at West Point from the time 
1802: in faet, 


the Academy was established for the 


of its establishment in 


teaching of engineering. 

In 1812 the first steamboat in Amer- 
ica, Robert Fulton’s The Orleans, took 
14 days to make its maiden trip from 
Pittsburgh to New Orleans. Fulton 
was a civil engineer, and there were 
others. All were engaged in trying to 
find new ways, through engineering, of 
raising the living standard of the colon- 
ists; in fact, the term civil engineering 
was used originally to mean work in 
the civilian field in contrast to engineer- 
ing for military purposes. 

Continental carts and = stagecoaches 
required bridges, and engineers were 
called upon to build them. The Erie 
Canal, built in the period 1817 to 1825, 
was followed by other canals. Canal 
boat portages, using steam power and 
ropes, were devised and used exten- 
sively. In 1829 Horatio Allen (later to 
become President of the American 
Society of Civil Engineers) imported 
from England the first locomotive to 
operate on a railroad in the United 
States. Extension of roads and_ rail- 
roads westward from the Atlantic sea- 
board began. Timber bridges of the types 
designed and built by civil engineers 
Burr, Pratt, and Howe gave way to iron 
bridges. An outstanding early (1846) 
iron-plate-girder railroad bridge with 
three 55-foot spans was built by James 
Mulholland, civil 
Baltimore and Susquehanna Railroad. 
Completion of the first transcontinental 
railroad, with the joining of the Central 
Pacifie and the Union Pacifie at Promon- 
tory Point, Utah, was accomplished in 


engineer for the 
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1869 under Theodore D. Judah, then 
chief engineer of the Central Pacific 
and a charter member of ASCE. 

The need for civil engineering educa- 
tion was first met in 1820 with the 
teaching of civil engineering courses 
at Norwich University in Vermont. In 
1824 a civil engineering curriculum was 
established at Rensselaer Polytechnic 
Institute in New York State. Today 132 
accredited civil engineering courses are 


available to young Americans. 


ASCE Organized in 1852 


As a natural outgrowth of this early 
interest in civil engineering, a conven- 
tion of 40 civil engineers met at Bar- 
num’s Hotel in Baltimore in 1839 to 


looking 


formation of a society of civilian engi- 


exchange ideas toward = the 


neers in the United States. A committee 
was instructed to prepare a constitution 
and to decide on a name for the organi- 
zation. The name selected was “Amer- 
ican Society of Civil Engineers.” 

Ihe idea of the new society took hold 
slowly, and it was not until 13° years 
later that a group of civil engineers met 
again to revive the 1839 idea. The his- 
toric meeting was held in the office of 
Alfred Craven, chief engineer of the 
Croton Aqueduct for the City of New 
York, on November 5, 


“American Society of Civil Engineers 


$52. The name 


and Architects’ was chosen for the 
new organization, and James Laurie of 
New York was elected the first’ presi- 
dent. A constitution and by-laws were 
read, discussed, amended, and adopted 
on December 1, 1852, and this time 
the birth of the Society was. official. 
Then, as now, membership was open to 
mining, and me- 


“civil, geological, 


Mr. Carey is the Executive Secretary of 
the American Society of Civil Engineers, 
Mr. Jessup is Editor, Crit, ENGINEER- 
inG, an illustrated monthly magazine 
published by the ASCE. 


chanical engineers, architects, and other 
persons who by profession are interested 
in the advancement of science.” The 
first rolls included 48 charter members 
and six honorary members. From this 
beginning grew the first great national 
society of civil engineers, forerunner of 
the many societies that 
cover the field today. 

The American Society of Civil Engi- 


neers marks its LOOth anniversary this 


engineering 


vear with a Centennial of Engineering 
celebration, which will emphasize the 
contribution of the engineering profes- 
sion to the unparalleled development of 
this country. More than 50. societies 
are participating in the convocation, 
to be held in Chicago this month from 
the 3rd to 13th. The Engineers Joint 
Couneil group of societies closely asso- 
ciated with ASCE—the AIMEE, ASME, 
AIEE and AIlChE—are working as a 
team to make the Centennial of Engi- 


neering a success. 


The Society Grows 


18 charter members in 1852, 


From 
the Society has grown to a membership 
of 34.500 in 1952. Members of ASCE 
Student Chapters are not included in 
this total. The Society has established 
72 Loeal Sections, located in every state 
in the Union, and in Puerto Rico, 
Panama, Alaska, Hawaii, Mexico, Vene- 

Brazil. Civil 
11,000 of them in 132 engi- 


are now organized into 


zuela, and engineering 
students 
neering colleges 
ASCE Student Chapters. 

Engineering is so taken for granted 
in every phase of our living today that 
it is hard to realize the relative youth 
of the profession in the United States 
and its phenomenal growth. Only 79 
vears ago in 1873 the ASCE Convention 
held in 
what was 
group of civil engineers ever assembled 
on this continent—70 Members and 
Fellows.” The membership of ASCE 
that year totaled 414. The membership 


Louisville brought together 


described as “the largest 
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AMONG THE FIRST modern truss bridge designs was that of STARRUCCA VIADUCT built at Lanesboro, Pa., in 1848 for 


Jacob H. Linville’s Cincinnati Railroad truss which spans the Ohio. 
It was built in 1876 and followed the specifications of Louis G. 


F. Bouscaren, Member of ASCE 


Joint) Couneil 
societies now totals about 140,000, and 
the U.S. Bureau of Labor 
estimates the total number of engineers 
in the nation to be 400,000. 
Membership in ASCE is on an indi- 
\ Member must be 


fessional engineer of character 


of the live Engineers 


Statistics 


vidual basis. a pro- 
experi- 
ence, responsibility, and attainment. 
He must be at least 
least 12 


them inh re sponsible ( harge ol engineer- 


35> years old, with at 


years of expertence—-live ol 
magnitude 


ing work of considerable 
An Associate Member: 


27 vears old and have had eight years 


must be 


ol experience, with one of 


responsible charge of engineering work 
\ Junior Member is required to be 20 
years old and to have had at least four 


years of Graduation from 


experi nee 
an accredited engineering curriculum is 


considered the equivalent, 


Technical Papers Published 


The Society carries on its principal 
technical work through 14 
Divisions, each devoted to a branch of 
fields af 
Pechnical 


Technical 


civil Specile 


engineering, 
activily 


Divisions of the Society are Ai 


represented by the 
Prans- 
Planning, Construction, En- 
gineering Mechanics, Highways. Hy- 
draulices, Irrigation and Drainage, Power, 
Engineering, Soil Mechanics 
and Foundations, Surveying and Map- 
ping, and Waterways. Three ASCE 
national conventions are held each year, 
one in New York and the others in 
selected centers of engineering interest, 


port, Cuty 


Sanitary 


The operating budget of the Society for 
1952 is about $860,000. 

The obligation for professional men to 
contribute of their technical knowledge 
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the Erie Railroad is a notable stone masonry structure of that age. 
Designed and built by James P. Kirkwood charter Member of 


ASCE and its President in 1868, it cost $320,000 


and experience for the 
observed by 


tart. The Society 


profession has been mem 


bers of ASCI 


serves as a medium for the publication 


since tts 


and dissemination of technical 


and for keepin 


of deve lopme nts mn 


papers 
civil engineers abreast 
construction, Its 
publications include 


separate papers 


published monthly as Proceedings; an 
Transactions of the 


Manuals of Prac 


Civil kngineering. 


annual volume of 
Proceedings Separates 
tice; and since L930 
in illustrated monthly that gives special 
attention to construction and includes 
current Society news. ASCE publications 
may be purchased by nonmembers. 

In its early days the Society did not 
anticipate the rapid growth of the pro- 


fession nor the possibility of later 


division into braneh societies 
Hence the 


meetings covered the 


eparale 


presented at early 


paper 
entire coutem- 
porary field of engineering and archi- 
tecture. The first formal paper delivered 
at an ASCE meeting was presented by 


James Laurie. first president, and was 
entitled The Relief of 


discussed the trathe problem on lowe 


Broadway. It 


Broadway and = proposed an elevated 


railway as a solution Di cussion ol the 


trafic problem continued at subsequent 


meetings. The elevated railway has 
gvone but the trafhe problem 
Other 


Inventions for 


come and 


remains. early included 
“Recent Keonomizing 
Fuel in Generating Steam.” “The Use 


aud Abuse of Lron as Applied to Building 


Results of Some Ex- 


p ipers 


Purposes,” and 
periments on Strength of Cast Tren.” 

The value of 
emphasized in’ 1875 
U.S. Grant appointed a board of army, 


build 


engineering tests was 


when President 


navy, and civilian engineers to 


benefit of the 


a testing machine at Watertown Arsenal 
strength of 
iron, ASCE 
took an active part in the selection of 


to test and establish the 


steel, and other metals 
the Board and its subsequent work. In 
1878 


pointed to 


Soctrely committees were ap- 


study cements, iron and 
steel, wood preservation, uniform test- 
signals. bridge 


ing methods, railway 


failure, and use of the metric system. 
Phe Society was largely responsible 
for the establishment of the country’s 
standard time zones. It was also active 
for a dozen years in efforts to have the 
24-hour system of indicating time, 
which is used abroad, adopted in the 
United States. The Board minutes for 
years were actually kept on a 
basis. An ASCE standard rail 
section, adopted in 1893, 
general use on the railroads of the 
United States. In 1908 the Society 


participated actively in President Theo- 


those 
24-hour 


came ito 


dore Roosevelt's conference on con- 


servation of the nation’s natural re- 
sources, During the depression of early 
1930) ASCE promoted works’ 


construction. to relieve unemployment. 


Specialization and Unification 


\s the economy ol the nation devel- 
oped and technical knowledge advanced, 
some civil engineers began to specialize 

in architecture, and in mining, me- 
chanical, electrical and, later, chemical 
Kach of 


formed 


engineering. these groups 


successively separate national 
bodies to further their special objectives: 
Institute of Architects 
in 1857: the Institute of 
Mining and Metallurgical Engineers in 
871: the Society of Me- 


0), 


chanical Engineers in 1880; the 


The American 
American 


American 
\mer- 
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ican Institute of Electrical Engineers 
in 1884: and the American Institute of 
1868 


removed 


Chemical Engineers in 1908. In 
the word “architects” was 
from the name of the Society, marking a 
trend toward limiting the designation 
“civil engineer” to those who design 
and construct such works as_ bridges, 
roads, water and sewerage works, tun- 
nels, harbors, irrigation projects, dams, 
buildings, and foundations. 


these and 


airports, 
The existence of 
national 


other 
engineering or- 
ganizations 100 of them—with 
an aggregate membership of more than 
300,000, attests to the importance of 
specialization, To outsiders and even 


specialized 
nearly 


to engineers organization of the pro- 
fession seems confusing. Steps are being 
taken to consolidate the interest of all 
engineers in their profession and to in- 
tensify their obligation to society. 
Efforts to bring about closer co-opera- 


the national engineering 


tion among 
societies go back to shortly after the 
turn of the century. Early evidence of 
such co-operation is the Engineering 
Societies Building. The Founder Soci- 
eties—AIME, ASME. AITKE and ASCE 

built and own the Engineering Societies 
Building at 33 West 39th Street, New 
York. Funds for the 


through a generous gift from Andrew 


project) came 


Carnegie, supplemented by contribu- 
tions from the co-operating societies 
ASCE invested about $200,000 in the 
venture. Here the four Societies have 
their headquarters and a joint engineer- 
ing library of 180,000 books and 
technical periodicals from all over the 
world. 

Indicating its interest in other than 
technical matters, ASCE participated 
in the Centennial Exposition in Phila- 
delphia in 1876; in the Paris Exposition 
of 1878; in the International Engineer- 
ing Congress at the Columbian Exposi- 
tion in Chicago in 1893; and in the 
Paris Exposition in 1900, It conducted 
the International Engineering Congress 
at the Louisiana Purchase Exposition in 
1904. In 1900 the Society held its 32d 
annual London, during 
which the attending 
received by Queen Victoria at Windsor 
Castle. Conventions were held in Mexico 
City in 1907, and again in 1949, The 
1881 convention at Montreal was the 
first held in Canada: there have been 
five Canadian conventions since then. 

ASCE committees are constantly at 
work on matters affecting the profes- 


meeting in 


members were 
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sional welfare of members. Subjects 
that have been under committee study 
include: employment conditions, sal- 
aries, fees, engineering education, mem- 
bership qualification, registration, eth- 
ics, public relations, and national affairs. 
For the welfare of its members the 
Society leadership in the 


problem of collective bargaining for 


assumed 
engineers. It has approved a group 
accident-insurance plan which is avail- 
able to members. As another service to 
its members the Society maintains an 
office and a field 
Washington, DC. 


representative in 


Registration of Engineers 


\ pioneer in the registration move- 
ment, the Society showed active interest 
in the legal registration of engineers 
as early as 1899, In 1911 it prepared 
law, which was 


a model registration 


made available to state legislatures. The 
ASCE Committee on 
co-operation with other interested groups, 
has revised the model law from time to 
time and is still the central point for 


( 
« 
« 


Registration, in 


its distribution. All 48 states and the 


District of Columbia now have engi- 
neer registration laws, and at least 
130,000 engineers of the present total 


of 400,000 are registered. 


ECPD 

In 1932 the four Founder Societies, 
together with the Institute 
of Chemical Engineers, the National 
Council for State Boards of Engineering 


(American 


Examiners, and the American Society 
for Engineering Education, organized 
the Engineers Council for Professional 
(ECPD). In 1940. the 
Engineering Institute of Canada be- 
came a participant. ECPD is a conference 
body that functions 
agency, especially in the fields of educa- 


Development 


as a ¢ o-operating 


tion and training of engineers. 

Best known of its achievements is the 
work of its Education Committee, which 
sinee 1935 has examined and accredited 
656 engineering curricula in the 142 
engineering United 
States. It is recognized as the acc rediting 


schools in the 


body for all the engineering schools in 


the country. 


Engineers Joint Council 


lo promote co-operation among the 
five basic branches of the engineering 
profession, the four Founder Societies 
and the American Institute of Chemical 
combined 


Engineers, representing a 
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membership of about 130,000 engineers, 
have established the Engineers Joint 
Council. The general objectives of EJC 
are to advance the welfare of mankind 
through the available resources and 
creative ability of the engineering pro- 
fession, and to aid in developing sound 
policies on national and international 
affairs, in respect to ways in which the 


engineering profession can be helpful. 


international Co-operation Developed 


Marked progress has been made in 
developing co-operation among the en- 
gineering societies of the world. To- 
gether with the other EJC. societies, 
ASCE participated in the formation of 
the Pan-American Union of Engineering 
(UPADI), at a meeting in 
Havana, Cuba, in 1951. Last 
there was a meeting of UPADI in New 
ASCE has also been 
engineering 


Societies 
month 
Orleans. repre- 
sented at meetings of 
societies of the United States and West- 
ern Europe. At the third biennial 
meeting, held at the Hague in 1951, 
the name Europe-United States Engi- 
neering Congress (EUSEC) was adopted 
for the EUSEC 
national engineering societies of Bel- 
gium, Denmark, Finland, France, Hol- 
land, Norway, Sweden, Switzerland, 
United Kingdom, and United States. 


group. includes 14 


Contributors to Progress 


The rolls of the ASCE have ineluded 
such distinguished civil engineers as 
John R. Roebling. builder of the Brook- 
lyn Bridge; Theodore Judah, builder of 
the first transcontinental railroad; Clem- 
ens Herschel, hydraulic engineer and 
inventor of the Venturi meter: Theodore 
Cooper, designer and builder of great 
bridges; John R 
water-supply projects; Octave Chanute, 


Kreeman, famous for 


who inspired development of the air- 
plane; James B. Eads, pioneer in deep 
cofferdams for bridge foundations: Wil- 
liam Barelay Parsons, father of the New 
York subways; Harrison P. Eddy, expert 
in the design of sanitary engineering 
works; Frank T. Crowe, builder of great 
dams; and Arthur N. Talbot, F. E. 
Turneaure, and Daniel W. Mead. pio- 
neer teachers of civil engineering. 
Their records of accomplishment  in- 
spire pride in our profession. These 
engineers, prominent in their day, to- 
gether with their contemporaries and 
100,000 present-day peers in the pro- 
fession, have contributed immeasurably 
to the building of a better America. Q 
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THEN 


This combination refrigerator, first developed 
in the early 1930's, was never marketed 


NOW 


Frozen-food section is held at O F, fresh-food 
compartment at 40 F in today’s combination unit 


‘‘Making It Safe To Be Hungry” 


“Two tin eans and a piece of pipe” 
devised by a French monk in 1894 was 
the forerunner of today’s hermetically 


sealed home relrigeratot 


When Mareel Audiffren, 


" 
| 


teacher in the college at Grasse. turned 
dumbbell-like 
contraption, one end became hot and 
the other cold. Although his machine 


a physics 


the handerank of — his 


was necessarily crude, it is still recog 
nized is a good d ign. Alter further 


development by a small French manu- 


facturer, machines were placed on the 
market 

In L9OLO an 
the American patent rights from Audil- 
fren. And from 1911 to 1928 the Fort 
Wayne Klectric Works, one of our 
subsidiaries and later the Fort Wayne 


Works of the Company. 


American tourist bought 


manutactured 


By RALPH F. ROIDER 
improved versions of the machine 
(page 40) bout 150 to 200° were 
produced ear. They were rela 
tively larg e-filth to two tons 
capacity) iY re used in hotels, 
Many oper 


ited succe 1| rv 10 to 15S vears: at 


hospitals taurants 


| ist two al ill known to be in com 
mercial of 

Around L915 
hegan to ti 


number ot manutac 


turers ink seriously about 
i retrigerator for home use. At. first 
we gave consideration only to refriget 
ator olf 12 to » cube feet «¢ pacity 
heeause it was felt that only people 
with large hom ind incomes could 
ifford them 

In 1917 the first developmental 
of the Audiffren, 


en units of this type were 


models, modifications 


were built. S¢ 


put together—all failed in two weeks to 
15 months. 

\ vear later one of our engineers 
conceived the radical idea of putting the 
motor inside the compressor shell, thus 
making possible a umit that was com- 
pletely hermetically sealed. Power for 
the motor would be taken through the 
case by insulated leads. The idea was 
heartily derided until our research 
laboratory. at that time working on the 
problem of sealing glass to metal in the 
manufacture of light bulbs, came up 
with metal-to-glass leads that made com 
plete sealing possible. The technique 
has remained basically unchanged to 
this day. 

In September 1919 a model of the 
sealed-in design was built. About 30 of 


these water-cooled units were placed in 
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ONE OF THE VERY FIRST MONITOR TOPS ON TEST IN 1925 


homes where they operated for s ‘veral 
years. The development of this machine 
continued for six years and encountered 
the usual number of headaches: speed- 
reducing gears failed, composition pin- 
ions would not stand up in oil and the 
sulphur dioxide, steel gears were noisy, 
varnish insulation came off and gummed 
up the parts, the copper brine tank 
proved smelly, and so on. Fortunately, 
all this grief took place in the labora 


tories or in the homes of engineering 


personnel, During this particular period. 


domestic refrigeration made little prog- 
ress. 

About this time our engineers, un 
happy with the 60 pounds of brine re 
quired in. these refrigerators and un- 
happy with other things as well, were 
toving with an air-cooled design. But 
the developmental costs so far had been 
terrific, and a decision had to” be 
reached as to whether the Company 
should enter the domestic refrigeration 
business or drop further investigation. 

In March 1923, top management dele- 
Alexander R. Steven- 


to make reeommendations. In 


gated the late Di 
son, Ir. 
August 1923 he submitted a report that 
called for’ an air-cooled hermeticalls 
sealed unit. In September the report 
was approved and 20 air-cooled ma- 


chines were authorized, 
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New demons arose to plague the en- 
gineers. The new design operated at 
higher temperatures and pressures and 
launched a host of new problems. More 
work was required. 


Now that) we 


the business, leading designers through- 


were thoroughly in 
out the Company were asked to submit 
their ideas and suggestions for improved 
units. On the appointed day, October 
26, 1925, three were presented, 

Chris Steenstrup’s design was chosen, 
Danish 


who had rowed five miles every day to 


Steenstrup was a immigrant 


work to obtain training as an apprentice, 


and whose first job in’ America’ was 


digging ditches at $1 a day in Bridge- 
port, Later he became associated with 
General Electric, and as Supervisor of 
Mechanical Schenectady 


became acquainted with refrigeration 


Research in 


activity when he was asked to design a 
drawn-steel case to replace the heavy 
cast case of an earlier design. 

10) could be 


produc - 


Steenstrup’s unit (page 
mass produced, provided the 
tion men could adhere to the close toler- 
insisted on. They considered 


but with Steenstrup on 


ances he 
them fantastic, 
the whip end, they were met. 
On May 12, 1926, the first 
made solid-mounted machine with a 


hand- 


flat-plate evaporator was exhibited at 


TOOLMADE MONITOR TOP IN DR. STEVENSON’S HOME IN 1926 


the NELA convention in Atlantie City. 
A few months later a toolmade unit 
went imto operation in Dr. Stevenson’s 
home (above) and ran for 13. years 
before it was removed for inspection. 

I'wenty-five years ago last January |. 
the Company authorized several million 
dollars for plants and equipment, and 
one million dollars for promotion (the 
title of this article was a slogan used in 
early promotion, as was the photograph 
on the opposite page). Production of 
home refrigerators was finally under 
way. 

Monitor Pop models of different sizes 
and forms were manufactured from 
1927 through 1935 

One of the recommendations of the 
Stevenson report was that cabinets 
should be designed to go with the re- 
frigerating machines. At first the re- 
frigerating machines were merely in- 
stalled in existing ice boxes (opposite 
page), but the wood construction proved 
All-steel 
we pioneered went into production in 
1928. 


In 1935 Steenstrup’s new 


troublesome cabinets which 


Scotch- 
yoke COMpressol! that featured oil cool- 
ing and low pressure in the case was 
introduced (page 40). It 
production first on the Monitor Top, 


went into 


later in the Flatop version that’ had 
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EARLY PROMOTION EMPHASIZED ROOMINESS AND SIMPLICITY 


the unit in the base compartment of 
the cabinet. This type compressor was 
used in all refrigerators until the wat 
closed down production in April 1942. 

Under Steenstrup’s leadership a\small 


factory 


but highly trained group of 


contact engineers and a quality-con- 


steadily 


sc1ous factory organization 
raised the quality level of the product. 
In the four years prior to 1942, hun- 
dreds of thousands of units were built 
so well that more than 99 percent were 
still operating satisfactorily after the 
five-year warranty had expired. In fact, 
one whole year’s production of the 
Flatop model attained a record rate of 
less than 0.5 percent failure in five 
years, 
Before the 


done on oa 


war, development work 
had been connecting-rod 
type of compressor especially designed 
higher-pressure Freon-12 
refrigerant (page 40). By making the 


shaft horizontal instead of vertical, and 


to use the 


by going to external spring mounting, 
a considerable gain in internal volume 


was achieved without increasing the 


external dimensions of the cabinet. 


This was important, because over the 
years the trend was to larger and larger 
refrigerator storage space; in time the 


external dimensions became critical. 


If they got too big, the homeowner 


would not be able to get the refrigerator 
into his kitehen 

The connecting-rod design is in cur 
rent produc tion at the Erie Works 

Before 1930 Steenstrup designed and 
built a combination refrigerator (page 
37 shows an early model) that had a 
space with its own 


frozen-food storage 


ind door, and a fresh-food 


storage space with its 


tem and separate door. A single unit 


evaporator 


own cooling SVs- 


refrigerated both compartments. The 
project was dropped but shortly before 
the war several models were built, and 
in 1947 production was started on a 
single-unit combination refrigerator. 
Designing a refrigerator is) uncon 
sciously assumed by most persons to be 
primarily because of 


a routine matter 


the machine's trouble-free performance eC. 

But let’s look 

refrigerator: 
The best fresh-food storage tempera- 


at the complex job of a 


ture is around 40 F, with a safe range 
between 34 and 45 F. If the temperature 
should drop below 32 F, freezing of fresh 
food may occul if it goes mut h above 
50 F (although 50 F was at one time 
the accepted temperature) for any ex- 
tended time, the food may start to spoil 
Therefore, the primary function of the 
refrigerator is to maintain a satislactory 


food-storage temperature at all times 


EXISTING ICE BOXES WERE USED BEFORE ALL-STEEL CABINETS 


with room temperatures above 100 F 
during midsummer (perhaps with 100 
door openings each day) and below 60 
during winter. 
No. other 


family car—is called upon for such 


home appliance—or the 


unbroken operation; the refrigerator 
may operate only 20 percent of the 
time during normal 


may be called upon to operate continu- 


periods, but it 


ously for many hours during heavy 


summer usage. And every part--even 

the individual serews that hold the 

valve plate on the end of the cylinder 

is designed for at least 25 years of life. 
Here’s how the performance (with 

1927 as 100 percent) has improved in 

the past 25 years 

Efficieney 


(Btu per 


watthour) 


Capac ity 
Weight (Btu per 
Year (pounds) hr) 


100% 100% 
130 117 
156 143 


1927 100% 
193] 85 
1938 oe 


1947-1952 34 200 209 


) 
, 
i] 


l pon leaving Advanced Engineering Program 
in 1926, Mr. Roider went into refrigerator en 
gineering. He worked with Dr. A. R, Stevenson, 
Jr.. later with Mr, Steenstrup until 1945. He is 
now with Field Service for Refrigerator Engi 
Major Appliance Division, Erie, Pa. 


neering, 


CONTINUED ON NEXT PAGE 39 





““Making It Safe To Be Hungry” (Concluded) 


AUDIFFREN § Two hollow sphere-like housings rigidly mounted on a 
short hollow shaft made up the American version (1911 to 1928) of 
the Audiffren machine. An external motor drove the shaft by a 
belt and the spheres rotated with the shaft. One sphere held the 
liquid refrigerant (sulphur dioxide) and acted as the evaporator. The 
other sphere (right) contained the compressor in which the cylinder 
\ counterweight kept it in a vertical 


was mounted on trunnions 


An eccentric on the 


the cylinder 


position. haft moved the piston up and down in 


SCOTCH YOKE 
erank was translated into reciprocating motion of the piston in the 
stationary cylinder hy a. slide known 
engineers as the Seotch-yoke principle. Oil under pressure from the 
small two-blade rotary pump on the lower end of the shaft lubricated 
the bearings. After this was done 
walls of the case where it was cooled, while the remaining oil passed 
to cool the valves and then continued 


In this compressor (1935) the retary motion of the 


arrangement long to design 


half the oil was directed down the 


over the end of the eylinder 
down around the stator windings to cool them, 
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STEENSTRUP His original compressor (1925) consisted of a single 
cylinder that oscillated about two vertical trunnions on a steel bearing 
plate to allow intake porting for the refrigerant vapor as the piston 
moved back and forth from the crank on the lower end of the vertical 
shaft. A small piston adjacent to the refrigerant piston supplied lubri 
cating oil under pressure to all bearings and to the oil-operated 
“unloader” that allowed the compressor to start and stop without a 
pumping load. The motor was above the compressor and the rotor 
was pressed on the compressor shaft. This unit was mass pro luced, 


CONNECTING ROD 


used in all previous models was replaced with a long 


In this design (current production) the float valve 
( ipillary tube 
that allows the high and low side pressure to equalize during the off 
period. This feature made an unloader unnecessary. The crank is 
located between the two shaft bearings instead of being overhung as 
in the Scoteh-yoke type. A design feature involves an arrangement that 
prevents movement between the wrist pin and the connecting rod, thus 
eliminating noise and wear. Making the shaft horizontal resulted in 
a considerable gain in internal volume. 





Slipping the Induction Motor 


By R. Y. NEWTON 


The punch press that formed the 
smooth, flowing, and vulnerable lines 
of your automobile imposed a distine- 
tive type of loading on its drive-motor. 

\ large flywheel, used to give the 
tremendous punching power economi- 
cally, stores rotational energy between 
strokes. To deliver the energy the fly- 
wheel must slow down during the punch- 
ing operation. Otherwise, the instan- 
taneous energy required would stall the 
motor. The drive-motor speed must 
therefore normally decrease with the 
sudden increase in torque caused by the 
punching operation. 

But here’s the 
general-purpose induction motor won't 
slow down appreciably under an_ in- 
creased load. That is, its rotor doesn’t 
slip (lose speed) but maintains a fairly 
breakdown 


hitch—an_ ordinary 


constant speed until the 
value of torque is reached. 


A special type of motor, the high- 


slip motor, is therefore necessary for 


punch-press drives. In the auto in- 
high-slip motors of enclosed 


dustry 
and such a 


construction are required 
design using conventional motor con- 
struction is very difficult. Recently a 
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new: motor, the extended-bar motor, 
was introduced which meets the high- 
slip requirement and at the same time 
makes possible a smaller, more efficient 
motor for a given horsepower rating. A 
sectional view of this motor is shown 
on the next page, upper right. It’s 
totally enclosed and fan-cooled (TEFC), 
with an extended-bar rotor designed for 
better heat-transfer characteristics. 

4 comparison of the speed-torque 
curves of the high-slip motor and a 
general-purpose squirrel-cage motor is 
shown above. As a further comparison, 
consider the full-load torque and the 
slip speed (synchronous speed minus 
running speed) of the two, 

The high-slip motor is usually de- 
signed for a starting torque of 275 per- 
cent of full-load torque and a slip speed 
of 5 to 13 percent, depending on the 
application. Slip at full load is an in- 
dieation of how much the motor will 
slow down with increased load. 

On the other hand, the general-pur- 
pose motor (in sizes 5 to 100 hp) is 
usually designed for a starting torque 
of 110 to 150 full-load 


torque, depending on the speed, and a 


percent of 


1952 


breakdown torque of 200 percent. The 
slip speed is made as low as possible for 
maximum efficiency, generally running 
from one to two percent. 

In the auto industry, where many 
large punch presses are used, TEFC 
high-slip motors are standard. Enclosed 
rather than open motors are used since 
the atmosphere frequently contains 
considerable dirt and metal dust that 
increases maintenance and shortens the 
life of an open motor (sometimes a 
forced-ventilated and filtered open-type 
motor is used), 

Providing adequate heat dissipation 
in the TEFC high-slip motor presented 
a problem. To help you visualize its 
nature, refer to the sectional view of a 
TEFC. general-purpose motor on the 
next page, upper left. 

Here, heat from the stator windings 
and laminations is directly transferred 
to the motor shell by conduction, where 
it is carried away by the external cir- 
culating air. Conversely, conveying heat 
from the rotor is not so direct since it 
is: 1) transferred to the air inside the 
rotor; 2) drawn off by fans at each end; 
3) carried to the bearing bracket over 
which external air circulates. In addi- 
tion, there’s some transfer of heat across 
the air gap. You'll note from this that 
the cooling of the stator is simple and 
effective, whereas the cooling of the 
rotor is less efficient because convection 
and more heat-transfer surfaces are ine 
volved. 

Now the rotor resistance of a general- 
purpose motor is quite low, and there- 
fore the heat generated in the rotor is 
correspondingly low. Not so with the 
high-slip motor. To get the high start- 
ing-torque and high-slip characteristic 
required of the latter, it’s necessary to 
increase the rotor resistance. Since slip 
speed is proportional to power losses in 
the rotor, heat losses are inherently 
greater, In fact, they are several times 
larger than losses in a low-slip motor of 
the same horsepower rating when run- 
ning at rated load. The stator loss is 
also somewhat higher for the high-slip 
motor because its reduced efficiency 
and power factor increase the stator 
current for the same motor output, 

As you've seen, heating considera- 
tions penalize the allowable horsepower 
rating of a high-slip motor in two ways: 
First, it’s a lower-efliciency motor and 
additional heat is produced; second, the 
bulk of this additional heat is generated 
in the rotor, where heat transfer to the 
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GENERAL-PURPOSE MOTOR IS SUFFICIENTLY 


ROTOR FOR ACCELERATING HIGH-INERTIA LOADS LED TO. . 


motor casing is comparatively poor. 


Therefore, if you use a conventional de- 


size and weight are greatly in- 


sign, 
creased over a general-purpose motor 
of the same horsepower rating, because 
of the higher rotor losses. 
heat can be 


If. however, rotor 


erated outside the motor enclosure, you 


gen- 
gain considerable advantage since the 
enclosure has less heat to dissipate. This 
is exactly what we’ve done through the 
use of a new extended-bar rotor design. 
In this way little or no increase in frame 
size is necessary, to get the desired high- 
slip characteristics. 

The rotor 


construction used in the 


high-slip motor is adapted from a special 


open-type motor uw. use for some time. 
There the problem was one of accelerat- 
ing high-inertia loads where the heating 
was severe—particularly in driving cen- 
trifugal sugar extractors. 

Such a rotor is shown on this page, 
lower left. The copper rotor bars extend 
several inches out from the rotor body 
on the upper end, and brazed to the end 
of these bars are U-shaped strips of high- 


resistance bronze. The loops constitute 
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COOLED, BUT 


one end-ring of the squirrel-cage rotor 
and a high percentage of the rotor re- 
sistance: consequently, rotor heat-loss 
is concentrated in the loops. The other 
end-ring is of conventional design. A 
radial blade fan is also formed by the 
loops. It draws cooling air through the 
loops to dissipate heat generated there. 

This type of rotor construction was 
changed slightly for use in the TEFC 
high-slip motor. In the new design the 
loops were replaced by thin blades of 
high-resistance material. They are brazed 
to the copper rotor bars, and a copper 
end-ring is brazed to the outer end of 
the blades, as shown in the illustration, 
lower right. 

Mechanically simpler than the looped 


rotor, the new design is less costly to 
* 
With General Electric 


since 1946, Mr. Newton is a design en- 
gineer in the Design Engineering Section 
of the Small and Medium Motor De 
partment. His present assignment in 
cludes de sign work on vertical motors, 


in Schenectady 


explosion-proof motors, sugar centrif- 
ugal motors, and extended-bar motors. 


HIGH-SLIP MOTOR CALLED FOR MORE EFFICIENT VENTILATION 


MODIFIED DESIGN SUITABLE FOR USE IN HIGH-SLIP MOTOR 


build. The blades provide excellent fan 
action. And 
while less than that of the looped rotor 


heat-storage capacity 

is comparable to the conventional 
bar-rotor and adequate for most applica- 
tions, 

A cross section of the enclosed ex- 
tended-bar motor is shown in the upper 
right-hand extend the 
rotor bars to the outside of the motor 
the the 


pass rotating 


illustration. To 


enclosure, bar extensions on 


front end through a 
baffle plate. A close-running air seal is 
provided between the baffle 
plate and the stationary end shield. In 
this way the inside of the 
sealed off to prevent the 


dirt, meisture, and other foreign mate- 


rotating 


motor 1s 
entrance of 


rial. The seal embodies principles that 
are used successfully in the design of 
where special 


to exclude dirt 


bearing housings pre- 
cautions are necessar\ 
from the bearings. Permafil compound, 


hard 


voids, is used to seal the holes where 


which sets extremely with no 
bars pass through the plate. 
Reduction of about 40 


percent, and the space required for 


weight is 
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‘It's a Locomotive, It Ain't a Watch” 


Review STAFF REPORT 


' 


Last June 9 the following internal telegram was issued by the Freight Transpor- 


tation Department of the New Haven Railroad: 


CONFIRMING PREVIOUS MESSAGE OUTLINING TEST RUNS FOR GENERAL ELECTRIC 
A-C ELECTRIC DEMONSTRATOR LOCOMOTIVES 5025-5026: EFFECTIVE TUESDAY, JUNE LO, 
FURTHER NOTICE, PLEASE ARRANGE TO OPERATE 


FRAIN FROM DUT 


NG-3 CEDAR HILI 


GB-8 BAY RIDGH 1:30 pm 


HE FOLLOW! TONNAGE RATINGS UNDER ALI 
USED; 


EASTBOUND? BAY RIDGE 


WESTBOUND: CEDAR HILT 


OAK POINT 


IN ADDITION TO ABOVE TEST RUNS, THESE LOCOMOTIVES SHOULD 


AND BAY RIDGE OR 


THEY CAN BE RETURNED IN TIME TO COVER ABOVE 


A FEW DAYS later I'drove through 
York 
Haven 


Johnnie” Walker of 


General Electrie’s local office whe is re- 


the sun-seasoned hills of New 
State and Connecticut to New 


where I met J. I 


sponsible for customer relations with 
the New Haven Railroad. Walker is re- 
laxed, neat, and has handled railroad 
and locomotive customers for the past 
15 vears. He told me about GE’s 
demonstrator locomotive as we sat in 
his ofhice overlooking the famed “Green” 
of Yale University 

Operating a demonstrator on a_rail- 
road is worked out on a consignment 
a period of a 


arrangement usually lor 


few months. The railroad furnishes 
crews and all normal maintenance, and 
the manufacturer supplies service en- 
gineers and takes care of any other ex- 
Che rail 
motive power and the manufacturer gets 
firsthand opérating data. 
thing we ask,” Walker said, 


railroad use the locomotive as often 


hard 


pense. id vets a new plece ol 


“The only 
“is that the 


and as as possible. That's the 


only way we'll find out how good it is. 
One ol GE’s 


bringing out this new design was to see 


primary purposes in 


locomotive 
Walker 


were cheaper per 


if a low-cost all-electric 
could be built. 


“all-eleetries 


In the past,” 
said, 
horsepower than diesels, but with die- 
sels being mass-produced that no longer 
holds. The demonstrator is our attempt 
to bring the cost of all-eleetries down 


so that they're competitive with diesels.” 


THESE LOCOMOTIVES ON Fé 


LEAVE I DUE 


RAIL CONDITIONS ol 


BETWEEN CEDAR HILL AND 


K00 HORSEPOWER 
AND UNTIL 


ILLOWING TRAINS? 


\RRIVE 


7:00 am RIDGE 10:55 AM 


CEDAR HILI LO pM 


LOCOMOTIVES MAY 


ro CEDAR HILI 
TO OAK POINT 


TO BAY RIDGE 


BETWEEN CEDAR HILI 


OAK POINT ON XTRA “ REOUIRED PROVIDING 


ASSIGNMENT. 


Electric locomotive on the New 
Haven and Pennsylvania operate under 
11,000-volt 25-cevele power and use a- 
traction motors, which would seem to 
be logical. But as he explained it, the 
d-¢ traction motor (when used on loco- 
motives opel iting under a-« power) isa 
strenuous conte nder because of lower 
weight and first cost. This is true even 
though expensive and space-consuming 
conversion equipment such as rectifiers 
and moior-generator sets is required 
This fact evidently didn’t dismay engi- 
neers of the Locomotive and Car Equip- 


Krie Works be- 


cause they de signed anew axle-hung u-¢ 


ment Division at Gl 


commutator motor that they felt would 
hot require any more m intenance than 
a d-c motor ind also would mean less 
equipment aboard the locomotive. 
Another advants Walker explained, 
is that the a-c commutator motor is in- 
herently a powerful machine that can 


operate at the extremely high  short- 


time ratings that are necessary for aec- 
and ascending 


handbook and 


They showed 


celerating heavy train 


grades. He 


pointed to some 


opened a 
hgures, 
that the demonstrator has a normal rat- 
ing of 5000 hp, but with overvoltage taps 
on the transformer can go to 10,000 hp 
for short periods. Tractive effort is high 
because all four axles of each unit are 
motored and all weight is on the drivers 
After talking awhile longer about de- 
W alket 


some of 


tails of the new locomotive. 


suggested we go ove! and see 


the men at the New Haven. We left his 
blocks to the 


railroad’s new building near the down- 


ofhee and drove the fer 


town passenger station. There we met 
B. J. Lawlor, Chief of the 
Freight Service Bureau of the Freight 


“Benny” 


lransportation Department. Lawlor is in 
his late forties and enthusiastic about 
freight trains. In a large office he spread 
out a map of the nearby Cedar Hill 
Freight Terminal and told me about 
operations on the New Haven. 

“Your 
westbound NG-3 tomorrow for the & 
You'll leave from 

standing and 
York departure 
tracks on the map. “Coming back you'll 
be hauling GB-8.” 

I asked him what the train symbols 
meant. The “NJ” he told me, is. the 
code for “New Haven,” while the “G” 
“Greenville, NJ’ “NG-3 


scrap, paper, 


be pulling 
> 
”) 


locomotive will 


miles to Bay Ridge. 


about heres” he said, 


pointing to the New 


stands for 


carries general freight 
empties, and so on-—-that has come in 
from Boston and Maybrook, for ex- 
ample. It’s all stuff for the Pennsy at 
Greenville except for something that 
at Bridgeport.” Al- 
though the freight was carded for Green- 
ville, it would be handled by the New 


Haven only to the Bay Ridge terminal on 


may be dropped 


the western edge ol Long Island. There, 
New Haven car floats would ferry the 
cars across. the Upper Bay to the 
Pennsy’s Greenville Yards 

Kastbound GB-8, Lawlor said, was a 
hotshot” freight for Boston. & Actually 
it's a continuation of the Pennsy’s CG-8 
that comes into Greenville from Chicago. 
This is a fast train. We also call it a 
market train.” Loaded with perishables 
it is due in Boston at 11:55 each night. 
“We havean advertised arrival in Boston 
and by five in the morning we had 
better have the cars placed at platforms 
for market. If they're not, we're subject 
to claims and liabilities.” 


ry. 

| HE NEXT morning at 6 o'clock I 
left the Hotel Taft and drove to the 
Cedar Hill Yards in the northeast see- 
tion of the City of New Haven. After 
parking at the YMCA 1 


walked across a foot bridge. The day was 


Railroad 
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WESTBOUND FREIGHT NG-3 LEAVES THE NEW HAVEN’S CEDAR HILL YARDS BEHIND GE’S NEW 5000-HP ALL-ELECTRIC DEMONSTRATOR LOCOMOTIVE 


Diesel 
through 


cool and the sky was high. 
switchers and 


freights, like prehistoric monsters, lazed 


power for 


and rumbled in the yards below. To my 
left were the departure tracks for New 
York and Maybrook freight. Straight 
ahead were the engine houses and a 
mile or so in the distance [ could 
vaguely make out the humping areas 
where eastbound and westbound cars 
are classified. Cedar Hill is the largest 
freight classification yard east of the 
Mississippi. On an embankment to the 
right the twin tracks of the Shore Line to 
Boston made a graceful are to the East. 

Descending from the foot bridge, I 
walked 
motor storage tracks where the electrics 
Against the 


across the yards toward the 
are stored and inspected, 
dark green of the New Haven locomo- 


black finish of Nos. 


was easy to distinguish, 


tives the dusty 
5025-5026 
Although they have the general profile 
of a diesel, they have a light high-step- 
ping air that is in contrast to the 
squatiness of a diesel. 

It was 6:20 when [ arrived at the 
There | met Ralph D. 
foreman of 


locomotives. 
Nicholson, 


engines, who told me that the crew had 


general road 


arrived a few minutes betore and was 
checking details in the cab. The panto- 
graphs were already up. During the 
night, Nicholson said, the sand boxes 
had been filled, the running gear in- 
spected, and other routine maintenance 
taken care of. 

While we talking, the crew 
climbed down and Nicholson introduced 
me to Wade R. Bowden, the road fore- 
man, who would be going on the run. 


were 
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Bowden is a hearty individual with a 
vigorous laugh who has been with the 
New Haven for 36 years. He talks with a 
Southern drawl and is sometimes known 
as “Rebel.” “But I'm really an adopted 
Yankee,” he 
me. Bowden introduced Engineer Dan- 
iel S. Driscoll, a veteran with the New 
Haven since 1912, and Fireman Johnny 
E. O'Connor. | also met Johnny Todd, 
one of two GE service engineers from 
the New York Office who is assigned 
to the demonstrator. Todd has been 
electrics and 


enthusiastically assured 


handling diesels and 
multiple-units with the New Haven for 
a number of years, and speaks a good 
deal like Marlon Brando. 

Driscoll, Bowden, and Todd climbed 
up to the cab and | followed. O’Connor 
went to the rear unit. The cab of an all- 
electric, [| found, is about the same as 
that of a diesel. It measures seven by ten 
feet, head room is ample, and every- 
thing is painted a medium gray. The 
view is fine because eve-level is 13 feet 
off the ground, 

Todd checked the instrument panel 
as Bowden adjusted the engineer's seat. 
He said, “All set?” and at 6:35 started 
for the departure tracks where the cars 
of NG-3 were waiting. 

After coupling onto the train Bowden 
did paper work on the previous day's 
run, Driscoll sat in the fireman’s seat, 
and Todd left to get some cigarettes. The 
cab was decently quiet because the trac- 
tion-motor blowers were on low speed. 

Todd came aboard after a while and 
at 6:56 Bowden checked the brakes on 
the entire train. This is a simple pro- 
cedure that follows simple rules: After 


the train is pumped up, the engineer 
sets the brakes and then notes the pres- 
sure drop in one minute. On a train of 
100 ears or less, the Interstate Com- 
merce Commission allows seven pounds 
leakage; if more than 100 cars, the 
allowable leakage is five pounds, Bowden 
said the reading was four. “I checked 
the locomotive brakes on the pit. We're 
Ries Driscoll spoke 


up from across the cab. “That isn’t 


allowed five pounds ee 


.’ Bowden raised his hand in a 
mock gesture of “Wait. I 
was going to say that the New Haven 


right .. 
restraint. 


is such a good railroad that the ICC 
regulations aren’t good enough for us. 
We're allowed only four pounds.” 

Seven o'clock passed without notice 
by the crew. Every so often during the 
next half-hour Bowden would casually 
ask no one in particular what was hold- 
ing things up. I got the impression that 
a lot of time on freight runs is spent in 
waiting. 

| asked Bowden about train orders. 
“That’s old-style railroadin’,” he said. 
“No train orders on the New Haven. We 
run under signal indications all the way.” 
He explained that above each track were 
two signals, one above the other. The 
top one-—green, vellow, or red 
an indication of conditions in the next 
block. The bottom signal tells whether 
the dispatcher is planning to cross the 


gives 


train over to another one of the four 
mainline tracks. 

A few minutes before 8 o'clock Con- 
ductor Tom Lynch climbed up with the 
package of waybills and shoved them 
between the control pedestal and the 
windshield. Bowden said, ““What have 
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DRISCOLL, BOWDEN, REVIEW REPORTER, TODD, AND O‘CONNOR AT ENGINE PIT 


we got?” “Four for Bridgeport, 84 for 
the Pennsy.” Lynch replied. “Tonnage 
is 2626.” “No weight but a lot of ears,” 
Todd remarked. 
He pushed his hips back into the seat 
and sat upright. His right hand was on 
the air brake and his left hand notehed 
the throttle back to 6. The time was 
8:05. NG-3 got under way. Out of the 
“You 


said, 


“Set?” Bowden. said. 


yards the speed indicator read 18. 
Wade,” Todd 
as the first signal showed green. 
Shortly the New 
Haven station, Bowden called me over 


own the railroad, 


after we passed 


from where [ was standing near the 


fireman’s seat. “See that ‘75° up there,” 
he said, pointing to a small sign hung 
on one of the catenary bridges over the 
tracks. 
the station. Pl give it a few more lengths 
pick up speed.’ He waited, 
then pulled the throttle from 16 all the 
motor-current 


hat means 75 cars have passed 


hefore we 


way open to Zi. Ene 
meter read 3150 amp and the speed was 
30 mph. 

Slightly west of New Haven, Bowden 
said, “Vll make the hill at 30.” He 
paused and added, “I think.” He and 
lodd laughed. 
\ diesel couldn't do better 
NG-3 made the hill an edge over 30 mph. 

The demonstrator has 21 “steps,” o1 


These babies are peppy. 


than 25. 


“notches on the threttle quadrant, 
compared to eight on a diesel. Each of 
the 21 steps represents a tap change on 
the transformer. Occasionally Todd 
would yell something like, “Way back 
to. the panel, Wade!” when 
Bowden would notch it wide open. They 
would both laugh. he control pane lisin 
the bulkhead behind the engineer. 


control 
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I noted that there are fewer instru- 


ments on all-electric than on a diesel- 
electric. There are seven: speed indica- 
tor graduated to 80 mph, motor amperes, 
meters for air 
trolley 


braking amperes, two 


pressure, trolley amperes, and 
lhe motor amperes gives the in- 
ind 2; 
selector switch gives it for motors 3 and 
L. If the meter reads 3150, it means 
motors | and 2 are drawing a total of 


3150 amp. Multiplying that figure by four 


volts. 


dication for motors | turning a 


vives the total current for both locomo- 


tive units. 


Ar 8:40 Bow len 


Bridgeport and the 


topped on the 


mainline in East 
broke the 


the locomotive 


train four cars behind 
With the four ears in 


down 


crew 


tow the demonstrator proceeded 
the track about a half mile, then backed 
off the mainline into a westbound siding. 
The remaining 84 ears of NG-3 sat like 
ducks on the After further 
shuffling, the four cars were dropped 
and 40 were picked up from another 
yard track. 

At 9 o'clock Lynch came aboard with 
another bundle of wavbills. He tied them 
into the ones he had from New Haven. 
“Here's the total: 124 for the 
tonnage is 3699. One 


m vintine 


Pennsy: 
under the limit.” 
During the previous afternoon Lawlor 
had said that the westbound limit from 
New Haven to Bay Ridge was either 125 
l'raflic on the mainline 


bloc k 


length to 125 cars, 


ears or 3750 tons 
and distance between 


holds the 


west-bound 


tutomatie 
signals 
and the ipproach to the 
Hell Gate 


limits the gross weight. 


Bridge—the ruling grade 


It was 9:24 when a longer and heavier 
NG-3 left Bridgeport. 


al 

EVER SINCE I had met the crew 
three hours before, the talk had always 
centered on railroads, railroad equip- 
ment, or railroad men. Autos, baseball, 
or other subjects just weren’t discussed 
except once when Todd found a white 
running flag on the cab floor, wedged 
between the control pedestal and the 
forward bulkhead. It was a piece of 
metal painted white. Bowden said it 
didn’t belong to the New Haven because 
they used cloth flags to indicate if a 
train was a “special.” Todd said it was 
probably left over from the demon- 
the Great Northern. 
“You know what you ought to do, 
Wade?” Todd said. “Why don’t you 
paint it up, put your house number on 
it, and stick it in your front lawn?” 
Bowden let out a roar. ‘Look. None of 
that stuff. | have enough trouble with 
my house. You know what happened to 


strator’s run on 


me a few years ago with that bunch of 
road foremen | work with? | went on a 
vacation and when | came home I found 
that they had put my house up for sale. 
That’s the way | found it when | came 
back. | had an awful time.” He roared 
again. 

All-eleetries are quieter and cleanet 
than diesels. There isn’t any throbbing 
from engines or whistling from turbo- 
superchargers: only the noise of the 
and the — high-pitehed 
But there’s not 


running-gear 
whine of the blowers. 
much difference in riding qualities. In 
both there’s an easy side-to-side motion, 
not much up-and-down movement, and 
The New Haven has a 
“These babies are the 
Bowden 


little bouncing. 
good road-bed. 
cleanest thing on the road.” 
remarked, “People think diesels are 
clean but they're not. Lots of oil and 
soot. Sometimes my wife tells me that 
I vet dirtier on the diesels than | did on 
the steamers.” He laughed. 

East of Rye the signals were yellow- 
red. West of Rye, in the next block, they 
went red-red. Bowden brought the train 
to a stop and shook his head, “One of 
the hardest places ov the road tou get 
stuck.”’ He pushed his cap back irritably 
and made some statements about all 
dispatchers in general and particularly 
about one who would stop a heavy drag 
on a grade. “You can’t argue with City 
Hall,” Todd said. Bowden laughed and 


said he guessed all any engineer could 
ever see was the length of his own train. 
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While waiting, three passenger trains 
went by: two were locals. 

After five minutes the signal showed 
green. Todd moved over and 
behind Bowden, I 
center of the eab hear the windshield. 
With his right foot Bowden operated 
the sander switch to feed sand to the 
rails. He had the throttle back to 6 
when the slip indicator flashed red on 


stood 


watched from the 


the instrument panel and a buzzer 
sounded. He shut off power, shook his 
head, shoved the reverse lever, and ran 
the locomotive back a length or so to 
put in train slack. 

He threw the reverse lever forward 
and notched out again. The locomotive 
slipped. No one said anything and 
Bowden said to no one in particular, 
“Worst place in the read to stop. Not 
only a grade but also a reverse curve.” 

Again he went into reverse and this 
time put in more slack. He fussed with 
his cap and pushed himself upright in 
the seat. More sand as he pulled the 
throttle open, The needle on the motor- 
ampere topped 4000) and 


quivered against the pin. Slowly the 


indicator 
train eased ahead. Everyone relaxed. 
Bowden looked around. “You can start 
‘em, but you don’t like to stand too long 
on one spot on them armatures, This is 
a good locomotive. | work them hard. 
Its a 
Locomotives are on railroads to do a 
job. If they don’t do the job, I say take 
°em off. This is a sweet baby.” 

A little later NG-3 rolled past the 
Grand Central branch-off at New Ro- 
chelle Junetion and hit the Oak Point 
Yards at Ll o'clock. 

Bowden started the long 
climb to Hell Gate Bridge at 29 mph. 
Straight ahead, hidden by a faint haze, 


locomotive, it) ain't a watch. 


westward 


were the towers of Manhattan. Off to 
the left was the arch of the bridge. The 
locomotive swung into the curve and 
went over the bridge at 30 mph and 3400 
amp. Below was a bright view of park- 
ways and-some of the greenery of city 


developments. 


A x UT NOON NG-3 was brought to 
a stop at Bay Ridge and the last 84 cars 
were cut off. Todd left the cab to get 


coffee and sandwiches. 

After waiting 10 minutes for a dumpy 
Long Island switcher that was working 
a string ol box cars, Bowden took the 
remaining LO cars toward one of the 
four car-float piers that were a_half- 


mile away. The string was cut off, but 
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there wasa’t room to cross over to an 
empty track unless the locomotive went 


onto the float bridge. As the locomotive 


got closer, Bowden yelled down to a 
yard conductor and asked if it was okay. 
He got the nod and proceeded. \ car- 
float bridge with 244 tons of locomotive 
on it does not feel substantial. Straight 
ahead was 50 feet of track with white- 
Bowden 


caps al the end. stopped, 


Switches were thrown, the locomotive 


backed off the pier and proceeded to the 


eastern part of the yard where a section 
of GB-8 was waiting. 

Todd returned shortly 
with food and | asked him about his 
responsibilities as a service engineer. | 
had noted that all during the trip he was 
taking readings on the various meters 


afterwards 


and indicators and recording them on 
his clip board. He told me about his 
duties while we ate, and afterwards | 
went back into the locomotive with him 
where he showed me a recording watt- 
watthour 


meter and an indicating 


meter. “Schenectady wants this stuff,” 
he told me 


power costs and compare it to diesel 


“From this they can get 


fuel costs.” 


ONE ADVANTAGE of all-electries 
and diesels when operated as multiple 
units is that the locomotive doesn’t have 
to be turned around for the trip back, 
as is the case with steam locomotives. 
The engineer merely detaches the two 
airbrake handles, the reversing lever, 
and the blower control handle, and 
walks through the locomotive to the 
other end where he puts the handles in 
place. 

After the ‘ hangeover Bowden lowered 
the forward pantographs and put up the 
I asked him why. “On this 


trailing 


other ones. 
railroad we always use oul 
trolleys. That wav, if one should get 
knocked off, it won't drag the other one 
along with it. Tf an accident should 
happen, we'd still have the forward 
trolleys to get by on.” He went on to 
explain that only one pantograph was 
used for each locomotive unit. “You 
can't get any more power with two.” 

Shortly before 2 o'clock, 


scheduled departure 


about one- 
half hour after 
time, the locomotive coupled onto 
GB-8. It stood on the southernmost de- 
parture track, adjacent to a high concrete 
retaining wall. 

\ little later Lyneh threw a package 
of wavbills into the cab. Todd picked 


them up and read the slip of paper on 
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top. “A good weight. Tonnage is 5206 
and we've got 111 ecars.”” Bowden was 
happy. At 2:19 he turned around in the 
engineer's yelled, ‘‘All set?” 
pushed his cap back a little, fed sand, 
and notched the throttle. The ampere 
indicator moved up to 4000 and hit the 
pin. The slip indicator remained dark 
and GB-8 rolled out of Bay Ridge. Leav- 
ing that spot, Todd told me later, was 
one of the toughest jobs on the New 


seat, 


Haven. 

The eastbound approach to Hell Gate 
was made at a mild pace; it’s a lighter 
grade than westbound and the load 
limit is 6200 tons. A long drag on Hell 
Gate is a handsome sight. Coming off 
the approach toward Oak Point the 
signals went red. Todd cailed me over 
to the cab door behind the engineer's 
seat. He pointed back. Far away on the 
other approach of the bridge was the 
end of GB-8. “It’s a long train,” he said. 

While waiting, one of the Pennsyl- 
vania’s new Senators went by. Bowden 
said perhaps he would follow her in and 
spoke favorably of any dispatcher who 
had that much understanding. He never 
saw the Senator again. 

From New Rochelle to west of Stam- 
ford GB-8 rolled at 50 mph, the freight 
speed limit on the New Haven-New 
York stretch. Bowden was happy to get 
the signals because of the heavy com- 
mutet Stamford. The 
countryside of Westchester County is 
rolling with golf 


trafhe west of 
green and gently 
courses, woods, housing developments, 
wagotlis all 


convertibles, and station 


around. 
At 5:54 GB-8 stopped in Cedar Hill's 
Fiftv-one 


eastbound yards, 


cars were cut off and the locomotive 


receiving 


pulled the remaining cars to the east- 
bound hump. Yard switching, [| soon 
found, isn’t alwavs done by switchers. 
For 40 minutes Nos. 5025-5026 worked 
back and forth and waited around. 

At 6:48 Bowden stopped at the engine 
pit where he had started nearly 12 hours 
before. The crew and | climbed down 
from the eab. O'Connor and Driscoll 
left: Bowden, Todd, and I went into a 
nearby shack to wash. Shortly after, the 
three of us walked toward the Railroad 
YMCA. A four-unit Alco-GE diesel 
eased by headed for the Shore Line de- 
parture tracks. “She'll probably take 
her the rest of the way.” Bowden said. 

In a half hour GB-8 would start its 
final lap to the produce markets of 


Boston. PRH 
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QUALITY CONTROL CHART FOR PLASTICS MOLDINGS IS A CHECK ON PRODUCT'S PLANNED DISTRIBUTION AND A RUNNING RECORD OF TRENDS 


Statistical Methods in Industry 


By DR. JAMES H. DAVIDSON 


uinger, statistics was the Discounting its use in studying games In general, statistical methods are 


numbers, Now, it seem of chance, probably the earliest recorded discussed in relation to five separate 
Re eerennes the scter application of statistical methods to fields of endeavor. They are: 1) process 
: practical scientific investigation — 0¢ control; 2) sampling and inspection; 
Pye ne curred in) 1876. Charles Darwin was 3) commercial and accounting applica 
then studying the effeets of pollination tion; 4) design of experiments and 
on the growth of plants. To help him anabysis of data; 5) research on new 
Statistics is one of those words in the analyze the maze of accumulated data, statistical methods. 


English language that is used to convey he called in the mathematician, James 
a wide variety of meanings. It’s for this Galton. Process Control 


reason that the term. statistical methods From this application statistical meth- \ simple example of process control 
will be used her ods spread dly to experimental is a one-man business of the sort 

Its said that the application — of agriculture and biology Their use, prevalent 75 years ago. For instance, 
statistical methods in industry is. the therefore, became an accepted and the owner entered his office in’ the 
greatest ady in manufacturing in proved supplement to seientifie —in- morning and sorted the mai!. If there 
the last quar century. Be that as it vestigation long before they were in were any orders, he'd go to a pile of raw 


may, Many progressive corporations troduced to industry materials in’ one corner of the shop, 
as well as the military procurement How do statistical methods help in select the proper ones. and then proceed 
services-—are firm in their belief that dustry achieve more. economic pro- to assemble the units by hand. Hf they 
the proper use of statistical methods duction through more uniform quality, were completed at the end of the day, 
obtains better quality engineering and more meaningful standards and = speci- he'd pack them up and mail them on his 


e reliable test data? way home. 


a better quality product with greatly fications, and me 
reduced costs and considerably better Let’s consider some specific cases and Such a manufacturer had little trouble 


employee relations. see how statistical methods help you. with raw materials or parts that wouldn't 
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FIG. ‘1. 


fit. His specifications and tolerances 
(the few he did have) were naturally 
liberal. Even so, if parts didn’t fit, he 
could easily take time to adjust or re- 
work them. 

Things, of course, are a lot different 
today. In a great many cases, perform- 
ance and tolerances acceptable in early 
industrial years are now inadequate. 
Rework is a costly item and it’s neces- 
sary to have things right the first time. 
Elaborate systems of process checks and 
inspections have grown to be a heavy 
financial burden. 

Statisticians. on the other hand, 
recognize that each manufactured part 
can't be made ¢ vactly like every other 
or even like a standard. 

For example, suppose 100 people were 
asked to measure the length of a single 
object, say an ordinary kitchen table. 
You might expect almost perfect agree- 
ment if the measurement were made 
with a rough yardstick, reading only to 
the nearest foot 
that the table were an even number of 


providing, of course, 


feet long and that the answers were 
given only to the nearest foot. However, 
if you gave these people a fine steel rule 
and requested them to give the result to 
the hundredth of an inch, you would 
get a wide variety of answers. Now, if 
these were plotted against their fre- 
quency of occurrence, you would have 
approximately the large bell-shaped dis- 
tribution curve shown in Fig. lL. That 
is. assuming an accurate scale and un- 
biased effort, more results would fall on 
and about the true length than at any 
other reading. If now the individuals 
had pooled their answers in groups of 


four, the 25 averages would be dis- 
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BELL-SHAPED DISTRIBUTION OF 100 


D 
1 
I 
I 
l 
l 


AVERAGE OF 4 


FIG. 2. QUALITY 


MEASUREMENTS 
tributed as shown by the curve with 
the shaded area. 

Having this much of a start, and 
knowing the mathematics of the dis- 
tributions, it’s an easy matter to predict 
the limits within which you can expect 
random variation. These are shown by 
the dotted lines A, B,C. and D in the 
same figure. The lines 4 and D include 
99 percent of the individual answers. 
Lines B and C include 99 percent of the 
These limits allow 
future 


averaged answers. 
for prediction and control of 
values. For instance, say you measured 
the table in question and came up with 
a measurement farther from the average 
than the limit line. Then it could be 
said with an assurance of 99 percent 
that you had committed an error in read- 
ing—or at least some cause was in 
effect to make your measurement Sig- 
nificantly different from those of the 
first LOO people. If four people were to 
average their results and discover that 
the average was outside of the limit 
lines C and D, the same statement could 
be made. It must be aoticed that these 
criteria for the average of four pooled 
answers are much more sensitive than 
those for an individual reading. The 
additional 


average method has this 


For 10 years Dr. Davidson, holder of a 
U.S. Vaval Bureau of Ordnance award 
for development work 
ciated with statistics in research and 


has been asso 


manufacturing. He came to General 
Electric in 1950 to organize and direct 
the Statistical Methods Section of the 
General Engineering Laboratory, Sche 
nectady, where his group now serves as 


a consultation center. 


UPPER CONTROL LIMIT 


LOWER CONTROL LIMIT 


CONTROL CHART IS OBTAINED FROM FIG. 1 


advantage: even though the individual 
measurements do not come from. the 
normal distribution shown by the center 
line in Fig. 1, the average values—for 
all practical will be dis- 
tributed in the manner shown by the 


purposes 


shaded curve. 

If now Fig. | is turned on its side and 
the limit lines extended as shown in 
Fig. 2, you have the framework for a 
quality control chart. You can see how 
this becomes a chart to record the 
progression of individual values or 
averages with time. It gives a quantita- 
tive measurement for determining when 
measurements are significantly different 
from the established planned distribu- 
tion. Further, it gives a running record 
of trends. 

For example, if you were to make 
continuous measurements on the table 
and plot them on Fig. 2, vou could 
detect the time when a 
reading error was made. In a_ like 


fashion, when the parent distribution 


immediately 


represents chemical batches, screw- 


machine-piece measurements. — motor 


performances, casting weights. or any 
other measurement made during proc- 
essing, then the control chart is a tool for 
keeping the process on the beam. The 
control limits become fair machine or 
operator capabilities. In-process speci- 
fications that fall within these limits 


certainly examined most 


should be 
closely—because it will be predicted 
that more than one percent of the units 
must fall outside the specifications by 
chance variation alone. 

Of course the application of quality 
control involves a great deal more than 


statistical methods. There is the human 
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FIG. 3. 


side. In general, the closer you can 
approach the feeling of pride and crafts- 
manship already present in every op- 
erator, the he'll 


feeling of quality mindedness and be 


quicket generale a 
disposed to produce a consistently high 


quality produet. 


Sampling and Inspection 


Inherent to any quality control pro- 
gram is the sampling inspection of in- 
coming raw material and outgoing 
product. When you are faced with an 
incoming shipment of 500 drums of oil, 
600 packs of sheet steel, 200 drums of 
wire, or the like that must be sample 
tested, there is no question about the 
need for statistical methods. 

Sampling plans are divided into two 
general classifications: They are attri- 
bute and variables. An attribute plan is 
one in which the pier e to be inspected is 
classified either as good or bad: a 
variables plan is one in which the unit 
measured and the measure- 


attributes 


is actually 


ment recorded. For certain 
such as odor, taste, or general appear- 
ance a variables plan may be unprac- 
tical. Great 


however, in applying statistical methods 


strides are being made, 
to help measure quantitatively even 
particularly in the 
industries. A 


these quantities: 


foods and beverages 
variables plan, as you would expect, 
gives a deal more information 
about a lot of material. Also, from the 
viewpoint of the number of samples 


the lot, it’s more 


good 


necessary to clarify 
efficient. 
Within each of 


there are three types of plans; namely, 
single, double, and multiple plans. The 


these classifications 
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OPERATING CHARACTERISTICS OF SAMPLING PLANS 


single sampling plan has the advantage 


that a decision about the lot is made 
after the first sample (one ot 


units). Its disadvantage is that usually 


more 


it requires the Inspec tion of more units 
in the long run than do the other types 
of plans. In a double sampling plan 
either one or two samples may be taken. 
On the basis of the first sample (which 
generally consists of fewer units than 
for a single sampling plan giving the 
same protection) a decision is made to 


take the 


a second sample must be 


reject, accept, or to second 
sample. If 
taken, 


rejection is 


the decision for 
with the 
consists of 


acceptance or 
made combined 


sample (which generally 
more units than for a single sampling 
plan giving the same protection). Mul- 
tiple sampling plans carry the same 
process described for double sampling 
to further steps and = may 


several samples before a final decision 


require 


is reached. A multiple sampling plan in 
the long however, 


fewest number of samples for a given 


run, requires the 
quality assurance. 

In any sampling plan there are two 
uncertainties: the 
chance of defective lot 
(usually known as the consumer’s risk); 


types of risks oF 


accepting a 


and the chance of rejecting a good lot 
(often known as the producer’s risk). 

A sampling plan can be completely 
characterized by its operating charae- 
teristic curve, Fig. 3. This is a plot of 
the percent defective material vs_ its 
probability of ace eptance. The operating 
characteristic curve of an ideal sampling 
plan is shown by curve A. This curve 
shows a vertical drop at the maximum 


fraction defective to be tolerated. Such 
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FIG. 4. COST CONTROL CHART! FOR MANUFACTURED PRODUCT 


a plan, however, would require a 100 
percent inspection which was LOO per- 
cent efficient. To indicate the improba- 
bility of condition, it) is” in- 
teresting to note that on the average a 


such a 


100 percent inspection is found to be 
only 85 to 88 percent efhieient at best. 

Consider now the simple case of the 
acceptance of sheet rubber on the basis 
of appearance alone..Suppose you find it 
necessary to accept the rubber in batches 
of 100 sheets and decide to sample four 
sheets from each batch. Further, you 
decide that the lot will be rejected if as 
many as one sheet is found defective in 
the sample. If 10 sheets are defective 
the chance of accepting the lot under 
such a plan would be 


90 89 


xX = 0.65 
100 99 


As other fractional defective lots are 
considered and their chance of accept- 
ance plotted, the operating characteris- 
tic curve as shown by line B in Fig. 3 
can be developed. Note from the curve 
that a lot of 1.25 defective 


would be accepted 95 percent of the time. 


percent 


This point has been termed the aecept- 
able quality level (AQL) of the plan. 
Note also that a lot as bad as 43 percent 
defective will be accepted LO percent of 
the time. This point has been designated 
as the lot tolerance percent defective 
(LTPD). 

Suppose you now decided to give the 
lots a second chance so that when a 
single defective was found on the first 
sample, a second sample would be taken 
into account—and the lot rejected only 
when a total of two defects were found. 
The operating characteristic curve would 
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then be changed to curve C in Fig. 3. 
You can see that the AQL of the plan 
has been increased and the slope of the 
curve has been decreased. The latter in- 
dicates a less-sharp screening action by 
the plan. 

Recent trends in sampling theory 


have a sliding value for the definition of 


AQL rather than the stationary 95 per- 
cent. Other types of plans—such as 


have been de- 


continuous sampling 
signed for continuous production, there- 
by making provision for increasing or 
decreasing the amount of sampling con- 
tinously, depending upon the process 
average. Therefore, the poorer the 
quality, the more sampling would be 
done. In general, the trend is to make 
the sampling plan as sensitive as pos- 
sible to changes in process average 
yet guarantee an acceptable quality 
product. 


Commercial and Accounting 

You can’t expect the cost of a partic- 
ular operation to remain constant from 
week to week or month to month any 
more than you can expect the measure- 


ments on our table, or the units from a 
production line, or the chemical analy- 


ses of batches, to have 


exactly the same values. By the mere 


successive 


nature of things some variation must be 
expected. The question is: How much 
variation can be tolerated before an 
investigation into causes is justified? 

As an example of how a control chart 
can serve you, let’s consider the case of 
a department manufacturing a product 
that through the years seems to have 
about leveled off in unit cost. Standard 
cost has been established and variations 
are noted by the accounting department 
each month. The control chart made for 
this product is shown in Fig. 4 and the 
center line of zero indicates standard 
cost. When the cost is 
standard, it is shown on the plus side: 


more than 


less than standard, on the negative side. 
At one time it was routine to investigate 
every point that was reported above the 
zero line. This practice caused difficul- 
ties and consumed a great deal of every- 
one’s time. Not only was the cost de- 
partment wasting efforts by yelling wolf 
with justification, but also the foremen 
involved resented being called to task 
for relatively minor variations beyond 
their control. As long as the points re- 
main within the control limits, the 
chances are even that when a month’s 


cost is more than standard, the next 
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month will be less. When a point is out- 
side the limits, however, there is a 99 
percent assurance that a drastic change 
occurred, A chart of this nature there- 
fore gives you a running history of costs, 
and also a criterion that everyone must 
significant 


recognize as indicating a 


deviation from the standard plan. 


The foregoing example shows one of 


the uses for indicating random varia- 
tions in cost. At the same time, the 
variation in cost is predicted by the 
chart limits into the future with known 
precision. 

Other analyses of cost variation might 
include in the evaluation the cost of 
as compared to the 
or the prediction 


handling sales 
amount of sales billed 
of service costs based on the amount of 
production. In this field we have found 
that cumulative costs can be predicted 
with amazing accuracy and _ precision. 
The error of prediction for a particular 
monthly cost, however, must contain a 
large allowance for spotty variations in 
work load and consequent variations in 


billing times. 


Design and Data Analysis 
In the fields of engineering evelop- 


ment and research, as distinet from 
manufacturing, the applications of statis- 
tical methods are of a more mathe- 
matical nature. Once you are convinced 
that your measurements are subject to 


a random variation, the way is open for 


a substantial increase in efficiency of 


experimentation and analysis. 

Most problems involving the design 
and analysis of an experiment require 
the combined efforts of 
menter and the statistician. The tech- 


the experi- 


niques for design and for squeezing out 
of data all its information have become 
so complex that the engineer or the re- 
searcher could not spare the time neces- 
sary to study many of them. It is there- 
fore desirable to add another member to 
the statistician. 

commonly 


his team 
Scientific 
in research consist of three essential 


methods used 


hypothesis, experiment, and an- 
fundamental 


steps: 
results. The 
engineering with 


alysis of 
difference between 
and without statistical methods boils 
down to the difference between a con- 
cept that does not allow for chance or 
uncertainty (except in) a very un- 
scientific manner), and one that accepts 
the laws of probability as an attribute 
of nature. Under the highly refined 
discipline of scientific work today varia- 
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tions can’t merely be dismissed as an 
experimental error by the researcher. 
On the contrary, the variations between 
repeated observations give as much 
information about the process as do the 
observations themselves and so must be 
measured and interpreted in terms of 
physical happenings. 

The general object of designing an 
experiment is to devise a scheme where- 
by the most information is obtained 
from the fewest number of observations. 
Up to a point you can usually say that 
the more observations made the greater 
will be the information gathered. How- 
ever, an economic balance must be made 
between manpower and money on the 
one side and useful information on the 
other. The size of an experimental de- 
sign can from the 
factorial design (Table 1) on the one en1 
to the so-called Latin square (Table ID) 


range anywhere 


design at the other. 

In a factorial design, all combina- 
tions of variable are tried. As an example 
of this, take the following actual ex- 
periment. 

One characteristic used to measure 
the acceptability of silicone gum-rubber 
batches is viscosity. It was desired to 
know whether there was a significant 
variation between drums of the material 
(that make up a batch), between op- 
erators making the tests, or between 
various types of viscosity measuring 
jars. If there had been three drums, 
three operators, and three types of jars, 
then 27 runs would be required for a 
complete factorial design. The results 
of such an experiment can be shown in 
the manner of Table I, where each 
figure represents the sum across the 
three jars. 

Table I represents the sum of the 
three readings made by operator lL on 
drum |; the sum of the three readings 
made by operator 2 on drum 1; and so 
on. Sub totals 1391 and 1384 are the 
totals of the readings made by operators 
1 and 2—the difference between totals 
results entirely from the difference be- 
tween operators. The reason is that 
each of the other variables is repre- 
sented in an equal manner in the total. 
In the same way the difference between 
1303 and 1369 results entirely from the 
differences between drums | and 2, 

From this pattern, you are able to 
compare the effects of drums—one to 
the other 
without fear of any biasing or weighting. 
Any interacting effect between drums 


and the effects of operators, 
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TABLE | 


FACTORIAL DESIGN—(27 EXPERIMENTS) 
VISCOSITY OF SILICONE GUM-RUBBER BATCHES 


TABLE II 


LATIN SQUARE DESIGN—(9 EXPERIMENTS) 
VISCOSITY OF SILICONE GUM-RUBBER BATCHES 


Each Figure in Square Represents an Individval Determination 


Each Figure in Square is the Sum of Three Determinations 


(One for each jar) 


OPERATORS 


1384 


and operators can be measured by not- 
ing the total variation among all nine 
values in Table [—subtracting from the 
total the variation resulting from differ- 
ences between drums and differences be- 
tween operators. The result is a measure 
of the variation among the nine values 
that cannot be traced alone to drums or 
operators (nor could it be traced to 
jars). It is considered to be caused by 
any relative effect that might occur be- 
tween operators and drums (that is, a 


tendency for operator | to read high 


values for drum 2, 


reads high values for drum 1, 


while operator 
ete.). In 
addition, the random error is caused by 
inherent variation in the test method 
and any other unknown or unconsidered 
variables. It is considered to act alike 
upon all values. In the example it would 
be identical to the interacting effect of 
all three variables together. 

If you next wanted to compare the 
effects of drums and operators without 
necessarily considering interacting ef- 
fects, you would use the Latin square 
design shown in Table IT. Here only nine 
determinations are run. Referring to 
the Table, subscript { stands for the 
first type of jar, subscript B for the 
second, and subseript C for the third. 
By comparing the total of the three A’s 
with the total of the three B’s, you can 
see the difference is attributable to the 
differences between jars. This is because 
the other two variables considered 
would be operated in a like manner in 


both cases. The other two variables 


OPERATOR 


2 

150, 
140¢ 
183, 


473 


Totals: A (jor 1) = 483, B (jar 2) = 449, C liar 3) = 419 


drums and operators—would of course 
be compared in the same way as before. 
Again, the error term in this case would 
be the difference 
variation of all nine values, and the 


between the total 


total variation considered for operators, 
drums, and jars. This error term, how- 
ever, would include all interactions and 
they could not be separated. 

The two experiments outlined repre- 
sent extremes in the manner of investi- 
gation for this particular problem. 
Table II represents a minimum of eifort 
to obtain a given amount of information 
about the variables. Conversely, Table I 
represents a maximum effort to obtain 
somewhat more information: which may 
or may not be essential in a specific 
problem. Between these two extreme 
approaches lies a whole series of possible 
experimental designs known as _frac- 
While at 


relatively little has been published in 
textbooks about 


tional _ replications present 
the journals or the 
these designs, they are being used more 


work 


average problem does not need the ex- 


and more in oul beeause the 


treme treatment. It is the very flexi- 
bility of the statistical designs for ex- 
that makes it difficult to 


decide on the appropriate one for a 


periments 


particular problem. You must be the 
one to decide how far you want to go in 
choosing between the shotgun approach 
of Table Il, where little is 
already known about the variables and a 


relatively 


quick inexpensive answer is required, 
and the rifle approach of Table I, where 


you have more information about known 
variables. The solution for each must 
be hand-tailored to the particular prob- 
lem and the proper way chosen among 
the several that are possible. 


Research on New Methods 


In the field of statistical methods, as 
in many others, you must constantly 
be in touch with the frontiers of new 
mathematical developments—indicated 
by current publications and the thinking 
of leaders in the field. All too often the 
applied statistician is called upon to 
solve problems for which the mathema- 
tician or the mathematical statistician 
has not well prepared the way. One of 
the most widely recognized and impor- 
tant problems of this nature can be 
categorized under the heading of “‘life 
testing.” 

The problem of life testing appears 
in almost every phase of engineering 
development. The question, How long 
will the product last under normal 
usage? is indeed a highly important and 
common one. A great deal of time and 
effort is spent in devising and executing 
tests that will, in a short time, simulate 
the stresses and strains of the normal 
life of the manufactured product. It’s 
indeed a serious engineering problem to 
devise a test so that a refrigerator will 
receive in a thousand hours the same 
amount of wear and tear it may be 
expected to receive in 20 years. There- 
fore, it’s appropriate that some care be 
given the analysis of resulting data. 
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k Percent 


The number of units required in a sample for a Life Test so as to be sure (with an assurance of P percent) 
that fewer than k percent of future units represented by the sample will fail in a time shorter than the 


shortest life observed in the sample. 


TABLE Ill 


WNNN OSUN 


STATISTICAL METHODS are essential to a comprehensive analysis of the data taken 
from this maze of instruments during the testing of an aircraft jet engine 


In many instances, as typified by the 
case of the refrigerator, only a relatively 
small number of units can be placed 
upon test at any one time. After the 
first failure it’s desirable to discontinue 
the test because months might be spent 
in waiting for the second failure. How 
best to interpret the data resulting from 
such a test was the first problem under- 
taken by our statistical methods section. 
The problem was considered to be one 
of making the best prediction about the 
life of the production units represented 
by the sample tested. Since samples are 
often costly (as in the iesting of resist- 
ance to radioactivity), the first question 
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asked by the experimenter is, How many 
units should be put on test? 

In Table III are listed the sample sizes 
necessary to make various predictions 
about the material represented by the 
sample, with various corresponding 
assurances. You can see,from the Table 
that if 14 units are placed on test and 
the first failure oceurs in LOOO hours, 
then you could 

Predict with an assurance of 50 per- 
cent that fewer than five percent of the 


production represented will have a life 
less than 1000 hours 

Predict with an assurance of 75 per- 
cent that fewer than 10 percent of pro- 


GENERAL ELECTRIC REVIEW 


duction represented will have a life less 
than 1000 hours 

Predict with an assurance of 95 per- 
cent that fewer than 20 percent of pro- 
duction represented will have a life less 
than 1000 hours. 

A similar tabulation can be easily 
prepared based on the second or third or 
fourth failure, but in each case the 
prediction made would be based on the 
information provided by only one fail- 
ure. The next problem is how you can 
use all the information when you have 
a set of samples in which there has 
occurred a number of failures The 
answer to this involves some knowledge 
of the type of frequency distribution of 
the failure times. . 

The establishment of a likely distribu- 
tion might be done empirically and its 
validity limited to the type of product 
investigated. Or, it might happen that 
distribution, like the 
normal or the log normal, will have wide 


an established 


enough practical applicability that it 
can be used. to approximate a variety of 
cases. These are questions which are 
presently being studied by our statistical 
section. 

Progress is also being made in the 
vast new field of application known as 
operational research, This branch of 
statistical methods was concerned with 
the best tactical use of material and man- 
power during World War II, and has 
become an important study in its own 
right. Although industry has had rdla- 
tively little chance to avail itself of 
operational research, it's the author’s 
belief that it will gain importance during 
the next few years, as its benefits can be 
demonstrated. 

It’s hoped these few glimpses into the 
general philosophy and operation of 
statistical methods have shown not only 
present statistical thinking but also the 
direction of the next immediate advance. 
The application of statistical methods in 
industry ean be considered as a logical 
consequence of the general trend toward 
more scientific, highly complex manu- 
facturing. As tolerances on precision 
parts and components narrow, and as 
government costs complicate the eco- 
nomics of production, the demand for 
uniformly high quality, efficient engi- 
neering, and cost control increases at 
an astounding rate. 

No longer is it 
decisions made by 
alone. Modern industry requires modern 


feasible to await 
human judgment 


methods. Q 
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ASSEMBLY OF SENIOR HIGH-SCHOOL STUDENTS AND PANEL OF ENGINEERS WITH AUTHOR (STANDING, LEFT) GIVES YOU AN IDEA OF 


oe 


How to Hold an Engineering Day Rally 


It is diffeult to determine just what 
incident in the life of a teen-age student 
will start him on the pathway to a 
career in engineering or science. Per- 
haps an interest will be created by a 
particularly perceptive teacher in one 
of the lower grades: perhaps it will be 
the showing of a technical movie, a 
science demonstration, a talk at a rally, 
some outstanding 


or the viewing of 


engineering project. Perhaps the turn- 
ing point will be one of these factors, 
perhaps a combination of all. 

Although we can’t pinpoint any single 
factor, we can utilize a series of tech- 
niques to help steer qualified students 
to the field of engineering. Many of 
these techniques, such as counseling 


sessions and participation in Career 


By GEORGE A, RIETZ 


Davs, have been used by 


throughout the years to assist school 


engineers 


authorities in offering guidance and 
encouragement to students 
But there is still 


that we have tried with success; it’s a 


nother technique 


technique that can supplement those 
already in use, and it’s a_ technique 
that we feel can be duplicated in thous- 
ands of other communities with the 
same promising re sults 


With America’s 


scientists now in the classrooms, with 


future engineers and 
a fresh school year ahead, and with 
the present—and probably sustained 
shortage of engineers as an overshadow- 
ing specter, the opportunity to stimu- 
late interest and enthusiasm in engi- 


neering careers 1s unparalle led. 


This idea TH outline contains new 
opportunities. [It bears the uncompli- 
cated label of “Engineering Day Rally” 

and the objective Is simple enough: 
Hold a meeting and answer questions 
about engineering as a career. But the 
results we obtained—four students al- 
most immediately enrolled in engineer- 
ing colleges, plus a demand from school 
authorities that we present a series of 
similar meetings this school year—are 
tremendously encouraging. 


fo aid you in setting up meetings 


in your area the points presented on 


page 55 will prove helpful. They are 
based on experience gained from our 
exploratory meetings. 

The mechanics of setting up the 


meeting are important and so is the 
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PUBLICITY PHOTOGRAPHS such as this one placed in the students’ local newspapers 
help to create further interest in the Engineering Day Rally 


program. Following is an outline describ- 
ing a program that has been used with 
success, 

Open the meeting with a few words 
by a guidance counselor or teacher from 
one of the participating schools. He 
acknowledges the co-operation of the 
engineers from industries and then in- 
troduces one of the host engineers to 
act as a discussion leader. 

The leader states the objective of the 
meeting—that it is being held to answer 
questions the students have regarding 
engineering, science, and college, and 
that it is to tell them of the broad fields 
of professional engineering. He em- 
phasizes that no student should leave 
the meeting with an unanswered ques- 
tion, because adequate time will be 
allowed for answering questions from 
the floor after the prepared questions 
have been handled. 

He clarifies the meaning of the word 
engineering as applied to this particular 
meeting that we are not thinking of 
the engineer who runs a railroad loco- 
motive or who looks after a 
building, such as their own school. He 


la rge 


emphasizes that this meeting will dis- 


cuss the type of engineer who has made 
possible our transportation and com- 
munication systems, radio, television, 
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armaments, modern production facilities, 
and so on. 

He also points out that it is impossible 
to show them engineers at work because 
there is no set pattern, and they might 
not recognize real engineering effort as 
such. However, some of the results 
of engineering effort can be related and 
shown by a short movie. For instance, 
the 18-minute color-sound movie “Shin- 
ing Rails” is ideal. Not only does it 
cover accomplishments in several fields 
of engineering but is also geared to the 
high-school age level. 

After the movie the leader summarizes 
his remarks. Keep them brief, because 
it is essential that the meeting move 
rapidly and that no one person hold 
the floor for too long a period of time, 
At this particular point in the meeting, 
a “break” is valuable. To maintain the 


Mr, Rietz is Manager of the Educational 
Relations Department, Public Relations 
Services Division, Schenectady. ‘He is 
responsible for contacts with schools 
and colleges for services and relations, 
and for the interchange of ideas be- 
tween the Company and educational 
institutions. He has been with General 
Electric since 1926. 
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college atmosphere one idea is to have 
a quartet from a local college sing a 
few selections. Encourage group singing 
for a few of the songs. 

After the change of pace, the next 
item on the agenda is the answering of 
questions that have been submitted in 
advance. The physical layout on the 
stage (see photograph on page 53) is 
not complicated, but it so 
that all members of the audience have 
a chance to see, hear, and understand. 
At one table on the slage place four or 
five selected seniors from various par- 
Provide each 


arrange 


ticipating high schools. 
student with a sheet containing his 
share of the questions that were sub- 
mitted. Be sure that these students are 
introduced and their school acknowl- 
edged. At another table on the stage 
place four to eight graduate engineers 
that represent a variety of jobs. Intro- 
duce each by name, give the college 
which he graduated, plus his 
present affiliation and 
Emphasize that they represent a variety 
of job assignments. This provides an 


from 
responsibility. 


opportunity to point out that college 
engineering training equips the indi- 
vidual for a broad variety of jobs. It is 
also advantageous to mention that 40 
percent of American management is 
engineer-trained, 

The discussion leader then asks the 
high-school boys on the stage to read 
in turn the questions they have on their 
list. It is advantageous if the leader 
repeats the question so that all can 
hear. He then asks for volunteers from 
the engineering panel to answer the 
question. (The discussion leader can 
bring the audience into the discussion 
occasionally by asking if the panel has 
fully answered any particular question.) 

It is important that the panel of 
engineers is not rehearsed. But do give 
them a copy ol representative questions 
in advance. This is primarily so that 
they can have an idea of the types of 
questions that are involved. Caution 
the panel members about overselling 
the engineering profession. 

The discussion leader emphasizes in 
adyance that the answers are to be 
short, practical, to the point, and must 
be given on a volunteer basis. Because 
25 to 50 questions will be handled, 
long-winded answers are not in order. 
Also emphasize that any panel member 
can take exception to the answer given 
by another member of the panel. I 
assure you that with such an under- 
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standing, a carefully selected panel of 
engineers of Varving ages and experi- 
ence will furnish all the inspiration 
and enthusiasm needed to make your 
meeting a success. 

After the written questions are an- 
swered, the discussion leader calls for 
questions from the floor. The panel 
answers them in the same manner. 

In closing the meeting, the discussion 
leader ae knowledges the close co-opera- 
tion and help of the high-school authori- 
ties and expresses the gratitude of the 
engineers in being able to help the stu- 
dents. If the meeting is closing ahead 
of schedule, he suggests that the panel 
is available for personal questions after 
the meeting is over. 

Here are the questions of the type 
you will receive in advance . 

“What high-school courses are neces- 
sary for me to take if | desire to go on 
to an engineering college? What are 
the mathematics requirements for en- 
gineering? Why foreign languages, if 
they are required?’ 

“What opportunities will | have for 
advancement in engineering — fields? 
What kind of jobs does engineering 
lead to?” 

“What salaries do engineers get? We 
have heard that they are low.” 

Although the preceding outline of a 
meeting has placed emphasis on an 
Engineering Day Rally for senior high- 
school students, we must also reach 
students in the 8th and 9th grades. It 
is there that a large number of potential 
engineers and scientists are lost when 
they decide not to take algebra. For 
that reason we are suggesting that you 
also plan meetings of the above general 
character to which only 8th and 9th 
graders are invited. Emphasis should 
be on the importance of taking mathe- 
matics and science courses through high 
school so that they will be prepared to 
choose from a broad group of jobs 
whether going on to college or not. The 
questions for such a meeting would be 
considerably different because the stu- 
dents would not be too interested in 
college. Also, the ¢ ollege glee club could 
be omitted and the time used for several 
spectacular science demonstrations. It 
is still essential that you keep the 
meeting under two hours in length. 

In a rally of this type the importance 
of such courses as mathematics, science, 
and others should be covered in a prac- 
tical and impressive way. Prove that 
they bear directly not only on engineer- 
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PLANNING AN ENGINEERING DAY RALLY 


Hold an Engineering Day Rally for high-school seniors who expect 
to go to college, and who feel that they have some interest in engi- 
neering or science. Include guidance counselors and teachers, and 
promote the meeting as a rally. 


Hold the meeting at some place other than the school, and in an 
auditorium that is suited for such presentations. Be sure a public- 
address system is available, plus facilities for the projection of 
movies or slide films. Our experience proved afternoon meetings to 
be the best. 


Keep the length of the meeting between one and one-half to two 
hours in length. 


Have the guidance counselors and teachers collect the students’ 
questions and submit them in writing a week or 10 days in advance 
of the meeting. (Questions from the floor are answered after the 
prepared questions have been handled.) 


Invite as many students, counselors, and teachers as can be com- 
fortably accommodated in the auditorium. Do not make it neces- 
sary for guests to stand. 


Be sure that all planning and operational details represent close 
co-operation between the school authorities and the individual 
engineers sponsoring the meeting. 


Have each school select its students and faculty, and clear the 
number with a central chairman who is responsible for limiting the 
guests to the capacity of the auditorium. 


Enlist the aid of individual engineers, civic clubs, or local indus- 
tries to handle the transportation of pupils from each individual 
school to the meeting place. 


Do not attempt to combine either a factory trip or extensive ex- 
hibits with such an informational meeting. Bulletins and bro- 
chures, however, can be distributed as the students leave the audi- 


torium. 


Where a large auditorium in some industrial or civic center is 
available, there will be additional benefits to the students by mixing 
high schools of two or more nearby communities. (At one of our 
meetings, representatives of 24 senior high schools attended. Total 
attendance was about 400.) : 


Keep the meeting cbjective. Do not allow commercialism or a 
sales talk for any one company, or field of engineering, to creep 
into the program. 


Take pictures of students from various schools for release to their 


local newspapers. 
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Economics of Cable Sizes in Power Feeders 


Standard practice in catalogs of elec- 
tric cable is to list sizes up to 2000 
MCM (million circular mils) for seeond- 
ary power feeders. Some recent catalogs, 
however, have not listed beyond the 
1000 MCM size. A small demand for the 
larger sizes of cable, resulting from an 


unfavorable rating in the current ca- 


pacity tables, is apparently the cause of 


this. There is a tendency to shy away 
from large cable sizes in favor of mul- 
tiple parallel conductors. Indeed, large 
distribution panels are commonly of- 
fered with 500 MCM 


cable connectors and multiple connec- 


maximum size 


tors if required. 


Unfortunately, a large portion of 
power feeders are selected on the basis 
of their ratings in the code table of 
This table is based 


on the allowable temperature rise of 


eurrent capacities. 


the insulation used and does not take 
into consideration voltage drop and 
corresponding power loss in the feeder 
through all the years of its service. 
Some overenthusiastic proponents of 
heat-resistant insulation encourage this 


practice, 


A thorough study of the business of 


voltage drop shows that for average con- 
ditions feeders with a two percent volt- 
age drop—compared to the next smaller 
size—will usually liquidate the added 
cost in about five years or less. In addi- 
tion, they frequently have desirable re- 
serve capacity for future overloads. 
Another advantage is that they make 
practical the regular use of moisture- 
resisting thermoplastic insulation with 
a 00 © 
others with a higher rating. 


rating, which costs less than 


The primary object of this article is 
to supply the means for specifying the 
feeders for 


most economical 


circuits rated 600 volts and lower. It 


power 
takes into consideration relative pur- 
chase prices of the various cables, the 
installed cost per unit length of each 
(including conduit if used), and_per- 
formance capability for transmitting 
power, 

\ suitable unit for comparison of 


performance capability of various feeders 


is the unit P, which is defined as 


(1) 


where, 


P=LxXI/dV X 1000 
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L =feeder length in feet 
7=Jload current in amperes 
dV =feeder voltage drop 
(1000 is included for brevity.) 
Several sources of data are available 
from which the numerical value of P 
can be established for various sizes of 
cable and combinations of cable used in 
feeders. Though taken from 440-volt 
3-phase 60-cycle feeders, the data are 
applicable to any common secondary 
voltage. 
here are several ways to determine 
P, depending on what you are looking 
for. To make P a function of cable con- 
struction only and independent of load 
power factor, it is assumed that the 
voltage drop and impedance drop in 
the cable are approximately equal. 
Based on the average value of power 
factor—0.8 to 0.95-—this 
introduces only a slight error and makes 


assumption 


P much simpler to caleulate. For low 
power-factor loads, such as welders. the 
true voltage drop should be caleulated 
and equation (1) used to evaluate P. 
In most instances, however, the as- 
sumption is sufficiently accurate, thus 
dV =impedance drep (volts phase 
to phase) 
21Z,\/3 
(2) =LIZ\/3/(1000) 
where, 
L. =feeder length in feet 
/=load current in amperes 
Z,=ohms to neutral impedance 
Z=ohms to neutral per LOOO feet 
Substituting the value of dl from (2) 
into (1) gives 
(3) Pr 


(3) was 


=1/(Z\/3) 


Equation used to. calculate 


values of P. 

Figs. | through 5 give visual relative 
value to the developed data. To produce 
more uniform curves the Awg_ size 
cables are plotted along the abscissa 


Until recently Mr. Paugh of Glen 
Burnie, Md. was chief engineer with a 
large industrial company in Baltimore. 
He is a registered professional engineer 
in several states and also a Fellow of 
the ASME. At the present time he is a 
plant engineering consultant, 
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scale on the basis of their circular mil 


size. Cable insulated with polyvinyl 
chloride and rated at 60 C was used for 
sizes 4/0 and smaller. Heat-resistant 
neoprene-insulated cable rated at 75 C 
was used for the larger $1Zes. Cherefore, 
the values of P for 4/0 and 250 MCM 
cable will differ slightly from calculated 
values, but for the sake of simplicity 
only single curves are drawn. 

Fig. 1 illustrates the 
values of P for all cable sizes up to 2000 
MCM, and for the two common condi- 


tions of three single-eonductor cables 


graphically 


in a steel conduit, or mounted on in- 
sulators in open air. It points out the 
inadvisability of using cable LOOO MCM 
or larger, since there is, relative to cost, 
only a small increase in P. Thus, all 
all other graphs are limited to 750 MCM. 
In addition, curve B points out the 
substantial reduction in’ performance 
with separate phase conductors, spaced 
12 inches, and discourages the user from 
this type of construction. Note that the 
P value of a 2/0 conductor (5.5) is 37 
percent that of a 2000 MCM conduetor 
(14.8), but 


only one-fifteenth the copper. 
9 


and this is important—uses 


Fig. is similar to Fig. | and is 
plotted to double better 
accuracy in the useful range. The curve 


scale for 


for single conductors in a steel conduit 
is the same as shown in Fig. |: the others 
were selected for appropriate compari- 
son with the latter. As the graph shows, 
open conductors at any spacing are un- 
economical. The performance of self- 
supporting aerial cable is particularly 
noteworthy, indicating that it should be 
given full consideration whenever prae- 
ticable. Where conduit is required, any 
of the 
definite advantage over steel provided 
its use. Direct 


nonmagnetic materials has a 
the conditions permit 
burial cable with nonmagnetic shielding 
has the same performance values. This 
graph is intended for regular use in 
feeder selection and specification, 

The curve for single conductors in 
steel conduits is again plotted in Fig. 3, 
curve A. Curves of two and three con- 
ductors are added to show the advyan- 
tages of multiple conductors in this 
range of sizes. 4 ood example of the 
use of Fig. 3 is the following: One can 
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FIG. 1. SMALL INCREASE IN PERFORMANCE CAPABILITY P OF CABLE SIZES 1000 MCM AND UP DOES NOT JUSTIFY ADDITIONAL COST 


FIG.2. PERFORMANCE of self-supporting aerial cable is par- FIG.3. COMPARISON of curve A with curves of two- and three- 
ticularly noteworthy. Curve A is same as shown in Fig. | above conductor feeders point up the advantages of multiple conductors 
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FIG. 4. WIDER USE of self-supporting aerial cable in feeders 
is encouraged because its performance is superior to other types 


tell at a glance that three No. 0 size 
cables in parallel have a higher equiva- 
lent P than a single 750 MCM cable 
yet they use only 42 percent of the 
copper, 

The curves of Fig. 4, are drawn for 
self-supporting aerial cable or “preas- 
sembled aerial cable” as described in 
some catalogs. Its performance exceeds 
the other types and is therefore recom- 
mended for more extensive use. 

What cable specification will produce 
the required performance for the lowest 
investment? Fig. 5 attempts to answer 
this question it includes the purchase 
price of the various sizes of single-con- 
ductor cable and uses performance 
values as installed in steel conduit. It 
is at once apparent from the graph that 
the lowest unit cost per unit of perform- 
ance is obtained with sizes 4 to 4/0 
cable—all other sizes involve higher 
cost. 

The question of insulation, a sub- 
stantial cost factor, now arises. Synthe- 
tic rubbers have made possible excellent 
heat-and-moisture-resisting compounds 

the compound used on Versatol* 


geoprene cables being typical. However, 
along with its high quality is a com- 
paratively high cost. Thermoplastic in- 
sulation for use in wet locations, such 
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FIG. 5. 


as that used on Flamenol* cables pre- 
sents a substantially favorable price 
list. The insulation on Flamenol wire 
SI-58175 is considered to be the mini- 
mum insulation thickness advisable for 
industrial power wiring. Its character- 
istics fully qualify it for use in all 
normal power-wiring applications where 
operating temperatures do not exceed 
its specified rating. Normally, it is speci- 
fied by the author for such general use 
as permitted by the code except where 
a 75 C rating is required. 

The Table on page 59 is based on the 
installed cost of steel conduit, carrying 
Flamenol cable up to 250 MCM. For 
MCM and Versatol 
geoprene cable is used in place of 
Flamenol. The costs are based on reg- 


sizes 250 larger 


ular estimating figures in use during 
1950; they include direct labor but not 
overhead. Similar tabulations can be 
constructed based on other conditions, 
but differences shall be mainly a relative 
shift of costs. The Table is in general 
agreement with Fig. 5. It exhibits sub- 
stantial economy in the use of multiple 
cables and indicates that the need for 
cable larger than 250 MCM should be 
viewed with suspicion. Notice the ad- 
vantage in using multiple conductors 
when the P factor is seven or higher. 
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LOWEST UNIT COST per unit of performance capability 
is obtained with sizes 4 to 4/0 cable—all other sizes cost more 


But what about ampere capacity rat- 


ings of the various combinations? 
Isn’t it true that these values must be 
checked to assure their being equal to 
the load requirement? The answer is 
yes. For feeders longer than 200 feet 
the current rating will usually be found 
greater than required, but for shorter 
feeders a larger cable size may be in 
order. However, the larger cable size 
has a higher P factor, with a lower 
power loss, and hence should liquidate 
the added cost in a reasonable time. 
Multiple conduits are sometimes used 
with multiple conductors to avoid the 
80 or 70 percent derating factor for six 
or nine wires in a single conduit. This 
is an unwise practice since there's no 
increase in the P factor to offset the 
added cost. 


The use of the Table will be illustrated 
by a few examples: 
(1) Amp 300 
Volts 140 
Length 270 feet 
Ambient 30C 
Two percent voltage drop allowed 
P=LXI/dl X 1000 = 270X300 
8.8 X 1000 =9.2 
From the Table, on the basis of the 
voltage drop alone, two 1/0 Flamenol 
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POWER FEEDER SPECIFICATION DATA 


Cables 


Cable Size Per Whose 
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Cost in Dollars 


Conduit Size Per 100 Feet 


1085.00 


Wiring in steel conduit for up to 600-volt three-phase 30 C ambient NE Code ratings 
Size 250 MCM and above—Versatol Geoprene Cable insulation with 75 C rating 


Below 250 MCM 


cables per phase in a 2!2-inch conduit 
would suffice. This combination, 


ever, would carry only 200 amp. 


how- 


To carry 300 amp the Table gives 
three possibilities 

(a) One 350 MCM per phase at cost 

per unit P of $56. 
Two 4/0 Awg per phase at cost 
per unit P of $38. 


(b) 


Three 2/0 Awg per phase at cost 


per unit P of $38.40. 


(c) 


On the basis of cost per unit P, the 
most economical selection is (b). 

(2) 150 
140 


(mp 

Volts 

Length 645 feet 

Ambient 30 © 

Voltage drop two percent 

P=LXI/dl X 1000 =645 X 

150/8.8 & 1000 = 11 

From the Table, 

available for P= 11 
(a) 


three choices are 
One 500 MCM per phase at cost 
per unit P of $56.60 
Iwo 2/0 Awg per phase at cost 
per unit P of $42.50 
Three No. | Awg per phase at 
cost per unit P of $42.20 

All three 
ratings in excess of the 150 amp re- 
quired. Alternate (b) is chosen over (c) 


(b) 
(c) 
current 


alternatives have 
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Flamenol Cable SI-58175 thermoplastic insulation with 60 C rating. 


because, although slightly higher in 
cost per unit P, the termination problem 
is simpler. 

The use of moisture resisting thermo- 
plastic insulation on single and multiple 
very short feeders is 


conductors in 


justified. For, if its use in long feeders to 
obtain a high P factor with a maximum 
voltage drop of two percent is justified, 
then 
and cost are proportional to length 


since voltage drop, powel loss, 


the use of the same size cable in short 
feeders is equally justified, though the 
voltage drop may be much less than 
two percent, 

For general use the presently available 
moisture-resisting thermoplastic insula- 
tion has a code rating of 60 C copper 
temperature. In some applications 80 C 
is permitted, but where the ambient 
temperature is above normal, a sub- 
stantial derating factor is applied. There- 
fore, it is apparent that at particularly 
high ambient temperatures, some other 
type of insulation must be used. It is 
that at So: G 


(ambient temperature) consideration be 


here suggested about 
given this transition. 
that the of 


to limit voltage and 


It maybe argued use 
sufficient copper 


power loss calls for a greater amount of 


copper. But on the other hand, the use 


Ampere Rating 
NE Code 


70 

95 
110 
125 
145 
165 
176 
195 
255 
200 
310 
232 
380 
231 
264 
262 
312 
408 
304 
346 
410 
535 


Dollars Per 100 Feet | Economic Choice 
Per Unit P Ks 


$68.00 
50.30 
51.10 
51.50 
47.20 
43.40 
46.30 
46.30 
51.40 
41.10 
56.00 
42.50 
56.60 
42.20 
39.50 
38.10 
38.00 
46.00 
38.40 
36.00 
36.70 
44.30 
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“A-— Preferred 
B- Second Choice 
C-—-Uneconomical 


of multiple conductors definitely reduces 
the amount of copper which would nor- 
mally be required. Use of these recom- 
mendations should result in a reduction 
of copper used in electric cable. The au- 
thor sincerely believes that the present 
industrial wiring losses might be halved. 


Procedures for Economy 

Limit normal specifications to 4/0 
maximum cable size and double check 
all cases that appear to require larger 
than 250 MCM. 

Discourage the use of all regular-type 
cable larger than 500 MCM (this could 
be reduced to 250 MCM). 

For short feeders requiring very high 
current capacity, consider other con- 
structions such as bus-duet, annular, or 
segmental cable. Catalogs should include 
more data on these types of cable. 

Make wider use of preassembled aerial 
cable. 

Wherever practicable, eliminate the 
use of all separated and spaced single 
conductors. 

Where conduit is required, give more 
consideration to the nonmagnetic mate- 
rials. For aerial cable consider use of 
moisture-resisting thermoplastic insula- 


tion. Q 


*Regi stered trade-mark of General Electric Co. 
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Transistors — 


(Continued from page 24) 

50 megacycles is occasionally accom- 
plished. Everett S. Read of the Elec- 
tronics Laboratory has developed a 
radio transmitter (page 24) using junce- 
tion transistors. 
High-frequency 
plicated function of collector capaci- 
tance, transit times, and the diffusion 


response Is a com- 


process whereby minority carriers wan- 
der from emitter to collector. Transis- 
tors are now operating in a frequency 
range where each new increase in the 
top frequency opens new applications. 
It’s therefore understandable that high- 
frequency effects occupy an important 
position in the agenda for further 
research, 

A transistor has unique characteris- 
ties of its own and shouldn't be con- 
sidered merely a_ substitute for a 
vacuum tube. To do its job properly. 
the circuit must be engineered to take 


advantage of the transistor’s character- 


istics. First applications of importance 


will be low-frequency circuits, where it’s 
essential that size, weight, and power 
consumption be minimized. Systems 
of great complexity may soon turn to 
transistors as a means of improving 
reliability. 
Temperature 


manium transistor operation depends 


limitation upon ger- 


on the ease with which conduction 


electrons are freed by thermal agita- 
tion. This is a fundamental property 
of germanium itself. Other semicondue- 
tors are known to be less affected by 
heat. Higher-temperature and higher- 
power transistors may result from studies 
now being carried on with other semi- 
conducting materials, 

With this picture of transistors in 
mind, you are ina position to compare 
the reasonableness of various proposed 
transistor applications with the limits 
of their present capabilities. Although 
the ultrahigh-frequency kilowatt transis- 
tor seems remote on the basis of our 
present knowledge, remember that 25 
years ago LO megacycles was considered 
“high” frequency—at that time theo- 
retical limitations of vacuum tubes 
were believed understood. 

The transistor undoubtedly has basic 
limitations, but the practical limits of its 
application will be determined prin- 
cipally by the ingenuity and resource- 
fulness with which its development is 


carried out. Q 
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High Slip Motor — 


(Continued from page 42) 


mounting is about 30 percent less than 
the conventional construction. Smaller, 
lighter, and less expensive supporting 
structures or foundations are required. 

Motors of the new construction are 
inherently better able to handle severe 
accelerating duty. Increased horsepower 
per unit of rotor weight (because of the 
smaller iron core) makes it possible to 
perform repeated accelerations—accel- 
erations at a rate that would have been 
prohibitive before because of high rotor 
inertia when the motor was made large 
enough to dissipate the heat. 

Improved power factor and efficiency 
result from maintaining the air gap at 
normal values. With the old conven- 
tional construction, the rotor was con- 
siderably hotter than the stator. To 
prevent mechanical interference when 
the rotor expanded, the air gap was 
made abnormally large. The electrical 
design of such motors was severely 
handicapped, but this limitation doesn’t 
apply to the new design. Here, most of 
the rotor heat is generated outside the 
motor enclosure and the rotor body re- 
mains comparatively cool. 

A decided increase in efficiency of 
around five percent is realized with the 
new motor. This results from less wind- 
age loss, normal air gap, and reduced 
iron and copper losses that normally re- 
sult from the smaller-size motor core. 

Compared with the open forced- 
ventilated and filtered-air motor that is 
sometimes used in place of enclosed 
construction for punch-press drives, 
and extended-bar motor offers weight 
the space reduction of about 12 per- 
cent. 

Considerable field experience was 
gained with the extended-bar motor dur- 
ing the past two years. It’s given ex- 
cellent service in every instance. Be- 
sides applications utilizing the wide 
speed regulation of high-slip motors, 
such as for punch presses, they are also 
used on applications requiring repeated 
accelerations of high-inertia loads 
hoists and centrifuges, for example. 
Here, their high starting torque and 
rotor heat-storage capacity are desired. 
They have also been applied to conveyor 
drives, and to several large presses. 

With its design tailored to meet the 
requirements of enclosed high-slip mo- 
tors, the new motor fills a basic need. 
It should find wide application. Q 
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Engineering Day Rally— 


(Continued from page 55) 
ing and scientific careers but also on 
other vocations and professions. 

If conditions are favorable, it would 
be wise to set up similar rallies for 
10th- and Ilth-grade students that 
would bear on their particular interests. 

“Follow-through” on the Engineer- 
ing Day Rally is important. The long- 
range benefit from this program might 
be heightened if the discussion leader 
challenges the students to form, or 
join, an Engineering Club in_ their 
school. But before such an announce- 
ment is made, be sure that the school 
authorities have agreed in advance. 

Such a club, sparkplugged by an alert 
engineer, will corral and identify poten- 
tial engineering students, will remind 
them to take the necessary preparatory 
courses throughout high school, and 
will bring them interesting and valuable 
engineering information throughout the 
school year. Reports of accomplishments 
by engineering clubs include “Larger 
number taking mathematics,” “Stu- 
dents scrambling to make up  over- 
looked scholarship 
being promoted,” and “Better under- 


courses,” “Good 


standing of engineering.” 

Such engineering clubs open to stu- 
dents of all high-school grades are an 
effective means of identifying prospec- 
tive engineers and scientists and pre- 
paring the largest number of properly 
qualified youngsters for engineering 
colleges. It is essential that the engi- 


advisor and the sponsoring 


neering 
faculty member work together to give 
the club members responsible parts in 
regular programs, and to provide out- 
side talent and features, as well as 
projects that will keep the students 
continually challenged and alert. 

Other follow-up techniques include 
scheduled factory-inspection trips, plus 
the furnishing of engineering speakers 
for Career Days at individual schools. 

It is said that high-school students 
today have some 30,000 possible jobs 
to consider so there is little wonder 
they are confused. But with well- 
planned Engineering Day Rallies, en- 
gineering clubs, and skillful guidance 
and counseling on the part of individual 
engineers, we feel sure that an in- 
creasing number of qualified students 
will have an opportunity to learn more 
about their future careers in engineering 


and science. Q 


SEPTEMBER 








| ea 









oo 


FASTER ANALYSIS WITH X-RAYS 
Chemical analysis by x-ray absorption is 
now successful on a commercial scale 
with the G-E X-Ray Photometer, saving 
hours of valuable laboratory time, and 
freeing the analytical chemist from tedi- 
ous routine work. Petroleum refiners slash 
time and cost determining tetraethy! lead 


in gasoline, and sulphur in oils. 
See bulletin GEC-412A*. 


NEW MERCURY VAPOR DETECTORS 
Users of mercury compounds can now 
determine harmful concentrations of 
mercury vapor with the new, completely 
redesigned G-E Mercury Vapor De- 
tectors. Electronic and chemical detectors 
provide either instantaneous or continu- 
ous indication. Electronic detector pic- 
tured being used to check curing oven in 
laboratory of silicone rubber plant. 

See bulletin GEC-312*. 


MEASURES MOISTURE IN GASES 
G-E Dewpoint Recorder gives continuous 
indication and record of dewpoint tem- 
perature in gas streams from ambient to 
minus 90 deg. F. Manufacturers and 
distributors of gases measure moisture 
content at different stages of manufac 
ture and various transmission points 


See bulletin GEC-588* 


*To obtain these publications, contact 
your nearest G-E Apparatus Sales 
Office, or write General Electric Co., 
Section 687-101, Schenectady, N. Y. 





Operator observes cracking pattern of natural gas sample with G-E Mass Spectrometer. 


NEW ELECTRONIC INSTRUMENTS 
SPEED CHEMICAL ANALYSIS 


Research and production chemists 
benefit by better results—faster 


Rapid chemical analysis, by electronic means, makes 
the G-E Mass Spectrometer an important tool for the 
modern chemist. Because it measures a basic funda 
mental unit—-mass— it does not suffer from many of the 
limitations of physical methods. For basic research and 
routine process control of most gaseous and liquid 
mixtures the G-E Mass Spectrometer is ideally suited 

It automatically records peaks at mass numbers 
ranging from 1 to 600, and separation of a dozen or 
more compounds is common practice. Immediate re 
sults save time in the identification of common im- 
purities and traces of rare isotopes. High resolution 


permits complete separation of high-mass elements. 
Here is another example of G-E research and de 
produce more and better in- 


industry. See bulletin GEC-5 


velopment —1 


struments for mod 


Convenient sample system facilitates 
introduction of unknown gas mixture. 
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“Can I be sure Pll be 


an individual at G.E.?” 


...asks John Dillingham, Union College 1952 


What's it like to work for a large company? In this and 
subsequent ads, the questions of college students on this 
subject will be answered by G-E men of varying degrees 
of experience. What's your question? Send it to College 
Editor, Dept. 221-6, General Electric Co., Schenectady 5, N.Y. 


JOHN G. HUTTON, General Engineering Laboratory 
‘ It is largely the enterprise of the individual which 
makes him outstanding. In his own thinking he be- 
comes a cog in a mac shine, not realizing that every 
such cog is a chosen piece, performing functions for 
what it is best characterized as a vital member of a 
team operation. So it is with the individual in General 
Electric. Just as in the community an individual is 
free to “be himself.” but for his own and the com- 
munity’s sake he must be part of that community. 
General Electric’s success lies in its unique ability to 
instill in its employees great team spirit vet at the 
same time to recognize the employee's inalienable 
right to be himself. 


H. A. WINNE, vice -president, 
meres important point which many young people 
overlook is that. by and large, individuals ‘work. in 
groups of reasonable size in either large or small com- 
panies. In the large company these groups may be 
called units or sections, and a number of these may 
constitute a department; a number of departments 
may make up a division; and the company may com- 
prise several divisions. In each component the “mana- 
ger” has a comparatively small number of people 
reporting to him. and consequently any outstanding 
performer quic +kly comes to his attention. 

Furthermore. in General Electric we have a number 
of courses which train for advancement and we are 
constantly combing the organization to recruit people 
for these courses, so by this separate means manage- 
ment keeps in touch with individuals. 

On the basis of forty-two years’ experience in the 
Company | can assure you it is difficult for the college 


Engineering Services 


graduate to lose himself in the organization. There are 
too many people watching him, although he may not 
realize it for some time after entering the Company. 


J. L. MICHAELSON, manager. Employee Relations, 
Gancnal Engineering Laboratory... The Company system 
for periodic employee evaluation furnishes a valuable 
guide to the individual with respect to his progress 
and ability. It also imposes on Supervisory personnel 
the require ment that they study carefully the char- 
acteristics of all their employees. The system is so 
arranged that ability and good performance cannot 
remain unnoticed. Far from re maining obscure, each 
individual’s characteristics are evaluated in order to 
provide him with the greatest opportunity to make 
use of his talents and abilities. 


J. A. SPENCER, manager, Emplovee Relations, Ap- 
paratus Sales . . . The day I began work with G.E. 
twenty-odd years ago. and entered the plant with 
thousands of other Company employees, [ felt small 
and insignificant and much inelined to climb on the 
first train returning to Montana. In a short time, 
however, | realized that | would be considered as an 
individual at General Electric. 

[ learned that the Company was operated in units 
of manageable size and that each person received 
individual consideration. My supervisors discussed my 
progress with me at regular intervals. I also learned 
that every emplovee’s salary is reviewed individually 
at regular intervals. 


Through this | learned that the individual cannot 
become lost in General Electric can he hide! 
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The broad Trumbull line 
helps you get the ‘‘right”’ breaker 


You name the job, Trumbull has the 
circuit breaker to do it—and do it well. 

By sticking to Trumbull you make 
sure you'll always find the “right” 
breaker — regardless of the duty the 
particular installation calls for! 

There are enclosed units of general- 
purpose, flush-mounting, semi-dust- 
tight, and waterproof and dust-tight 
varieties. Breakers are encased in rug- 
ged black phenolic and are available 


THIS TRIP separately without special enclosures. 


ends at your Table! Ratings from 10 through 600 amps, at 


; voltages of 125 to 600 a-c or 125 to 
A G-E locomotive hauls cane 2) d-c. fully Underwriters axesnued 
to a grinding mill... to start = oe nai, 


sugar on its way to your table. and with interrupting ratings In ac- 
cordance with NEMA standards up to 
25,000 amps in 600-amp frame. One-, 
two- or three-pole. And don't forget 
inclion: Gull conseiiuwes. t0: the new plug-in units with quick- 


ward efficiency of operation in make, quick-break action. Send for 
factories around the globe... bulletin and application section today. 


From farmer to grocer, the food 
industry relies on G-E products 
... as does the housewife in her 


toward better living for all 
peoples. GER-5 


GENERAL @p ELecaic TRUMBULL ELECTRIC 


COMPANY 


DEPARTMENT OF GENERAL ELECTRIC COMPANY 
PLAINVILLE, CONNECTICUT 


TIMELt a IN CANADA... 


t specifying engineers and purchasing agencies right 
pect and can appreciate the value of having new 
ts quickly available from stocks in their ow 
tics. The General Electric Supply Company s 
fe distributing organization recognizes its re : 
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